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I. REAL PARTY IN INTEREST 

The real party of interest in the present appeal is Pioneer Hi-Bred International, 
Inc. Pioneer Hi-Bred International, Inc. is a wholly owned subsidiary of DuPont. 

II. RELATED APPEALS AND INTERFERENCES 

An Appeal has been filed in U.S. Patent Application No. 10/742,319 on behalf of 
Pioneer Hi-Bred International, Inc. 

Many of the issues present in this case have already been before The Board of 
Patent Appeals & Interferences in the cases of Ex parte William D. Griffith, Appeal No. 
2004-1968; Ex parte Frances L. Garing, Appeal No. 2004-2343; and Ex parte Thomas B. 
Carlson, Appeal No. 2004-2317. Therein, The Board determined that claims 
substantially similar to the claims at issue in the present appeal met the requirements of 
35 U.S.C. § 112 and were allowable. These cases are accordingly relevant to the Board's 
decision in this appeal. 

IIL STATUS OF CLAIMS 

Claims 1-10 were originally submitted January 29, 2004. In an Amendment dated 
June 10, 2005, Appellant amended claim 2. In a Supplemental Amendment dated August 
8, 2005, Appellant added claims 1 1-30. In an Amendment After Final dated December 
19, 2005, Appellant amended claims 7, 9, and 19-22. An Advisory Action was issued on 
February 2, 2006 entering Appellant's amendments. This is an appeal of the Final 
Rejection dated October 17, 2005, finally rejecting claims 1-30. The claims here 
appealed are claims 1-30. 
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IV. STATUS OF AMENDMENTS 

An Amendment was filed on June 10, 2005. A Supplemental Amendment was 
filed on August 8, 2005. An Amendment After Final was filed on December 19, 2005. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention relates to maize seed, plants and plant parts which are 
produced by crossing inbred maize line PH5DR with another, different maize plant. {See 
Specification, Table 3, Specification p. 44, and Tables 4A-4C, Specification pp. 45-50). 
The invention also relates to a maize plant having all the morphological and 
physiological traits of PH5DR, wherein seed of PH5DR was deposited with the ATCC. 
{See Specification, p. 51, 11. 2-30). The invention further relates to a method of producing 
a maize plant in a maize plant breeding program which is the result of using the PH5DR 
line as a source of breeding material. {See Specification, p. 3, 11. 19-30). The invention 
further relates to a single gene conversion of PH5DR produced through backcrossing. 
{See Specification, p. 21, 11. 16-34; p 28, 1. 9 - p. 32, 1. 19). Material relevant to the 
appealed claims is described throughout the Specification. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



A. Claim 11 stands rejected under 35 U.S.C. § 101 as claiming the same 
invention as that of claims 2 and 11 of prior U.S. Patent No. 6,727,413. 

B. Claims 25-30 stand rejected under 35 U.S.C. § 1 12, Second Paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention. 

C. Claims 1-30 stand rejected under 35 U.S.C. § 112, First Paragraph, as 
containing subject matter which was not described in the Specification in such a 
way as to reasonably convey to one skilled in the art that the inventor had 
possession of the claimed invention at the time the application was filed. Claim 
1 1 stands rejected as new matter in the context of written description, and claims 
12-30 are rejected as new matter on the basis that they depend from claim 11. 

D. Claims 1-10, 13-16 and 18-29 stand rejected under 35 U.S.C. § 112, First 
Paragraph, as containing subject matter which was not described in the 
Specification in such a way as to enable one skilled in the art to which it pertains, 
or with which it is most nearly connected, to make and/or use the invention. 

E. The claims do not stand or fall together. The patentability of the claims will 
be argued separately. 
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VII. ARGUMENT 

A. The Examiner's Rejection of Claim 11 Under 35 U.S.C. § 101 is Improper 

The Examiner states "[c]laim 11 is rejected under 35 U.S.C. § 101 as claiming the 
same invention as that of claims 2 and 1 1 of prior U.S. Patent No. 6,727,413." {See 
October 17, 2005 Office Action, p. 2). 

The Examiner's rejection is improper. In order for multiple claims to claim the 
"same invention", they must claim identical subject matter. See Studiengesellschaft 
Kohle mbH v. Northern Petrochemical Companty, 784 F.2d 351, 356, 228 U.S.P.Q. 837 
(Fed. Cir. 1986) (citing In re Vogel, 422 F.2d 438, 441, 164 U.S.P.Q. 619, 621-22 (Cust. 
& Pat. App. 1970) (stating "the invention defined by a claim ... is not the same as that 
defined by a [second] claim . . . because the former is broader than the latter"). 

Claim 1 1 is not identical in scope to and does not claim the same invention of 
claims 2 and 11 of the parent case, U.S. Patent No. 6,727,413. Claim 11 of the instant 
application claims "[a] maize plant having all the physiological and morphological 
characteristics of inbred line PH5DR, wherein a sample of the seed of inbred line 
PH5DR was deposited under ATCC Accession Number PTA-4525" (emphasis added). 
In contrast, claim 2 of U.S. Patent No. 6,727,413 is directed to a maize plant grown from 
the seed of PH5DR (claim 2 reads "[a] maize plant, or a part thereof, produced by 
growing the seed of claim 1"). Claim 1 1 of the '413 patent depends from claim 2 and 
claims "[a] method of producing an herbicide resistant maize plant comprising 
transforming the maize plant of claim 2 with a transgene that confers herbicide 
resistance". 
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As the claim language makes clear, claim 1 1 of the instant application is of 
different scope than claims 2 and 11 of the '413 patent. A plant of claim 11 of the instant 
application, ie. a plant with all of the same physiological and morphological 
characteristics as maize inbred line PH5DR, can be created without the direct use of seed 
of inbred line PH5DR. For example, a plant with all of the same physiological and 
morphological characteristics as maize inbred line PH5DR can be obtained from plant 
tissue or regenerable cells of maize inbred line PH5DR, as described in more detail in 
Section VILC.2.b. infra. Similarly, a plant with all of the same physiological and 
morphological characteristics as maize inbred line PH5DR can be obtained by applying 
double haploid technology to Fl hybrids made with PH5DR as a parent and selecting 
inbreds with the same genotype and/or physiological and morphological characteristics as 
PH5DR. See World Wide Web at uni-hohenheim.de/%7Eipspwww/350b/indexe.html 
#Project3 (Exhibit 1), as well as U.S. Patent No. 5,770,788 to Jia (teaching that the use of 
double haploid technology provides for the creation of inbred plant lines) and U.S. Patent 
No. 6,200,808 to Simmonds et al (teaching the usefulness of double haploid plants). As 
noted on the web site, those of ordinary skill in the art have been using double haploid 
technology in plant breeding to produce desired homozygous inbred lines for more than 
50 years. Accordingly, the scope of claim 1 1 of the present application is different than 
the scope of claims 2 and 1 1 in the '413 patent. 

Therefore, Applicant asserts that claim 1 1 of the instant application and claims 2 
and 11 of U.S. Patent No. 6,727,413 are not duplicate claims, and requests 
reconsideration and withdrawal of the statutory type double patenting rejection under 35 
U.S.C. § 101. 
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B. Claims 25-30 Are Definite Under 35 U.S.C. § 112, Second Paragraph 

The Examiner rejects claims 25-30 as being indefinite for failing to particularly 
point out and distinctly claim the subject matter which Applicant regards as the invention. 

Applicant believes that the Examiner's rejections are improper and that the claims 
25-30 are definite for several different reasons, described in detail infra. Importantly, this 
Board has already determined that claims similar to Applicant's claims 25-30 are 
allowable. See Ex parte William D. Griffith, Appeal No. 2004-1968; Ex parte Frances L. 
Garing, Appeal No. 2004-2343; and Ex parte Thomas B. Carlson, Appeal No. 2004- 
2317. 

1. The Law of Indefiniteness 

The primary purpose of the definiteness requirement is that the Applicant "ensure 
that the scope of the claims is clear so the public is informed of the boundaries of what 
constitutes infringement of the patent" (MPEP § 2173). According to In re Swinehart, 
439 F.2d 210, 160 U.S.P.Q. 226 (Cust. & Pat. App. 1971), a claim may not be rejected 
solely because of the type of language used to define the subject matter for which patent 
protection is being sought. Section 2173.02 of the MPEP states that the test for 
compliance with this requirement is whether the claim "meets the threshold requirements 
of clarity and precision, not whether more suitable language or modes of expression are 
available" (MPEP § 2173.02). Also according to MPEP § 2173.02, the Examiner should 
allow claims "which define the patentable subject matter with a reasonable degree of 
particularity and distinctness". In addition, definiteness must be analyzed in light of the 
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claim interpretation which one of ordinary skill in the art would give to the claim 
language as of the filing date of the application. See MPEP § 2173.02. 

2. Claims 25-27 and 30 are Definite 

The Examiner states M [c]laim 25 is indefinite because claim 11, upon which claim 
25 depends, is directed to a plant having all the morphological and physiological 
characteristics of inbred maize line PH5DR, not to inbred maize line PH5DR, hence the 
product of step (d) is not 'derived from the inbred line PH5DRV (See October 17, 2005 
Office Action, p. 3). The Examiner makes the same rejection for claims 26, 27 and 30. 

The Specification describes PH5DR as having multiple physiological and 
morphological traits which are readily identifiable. (See Table 1, Specification pp. 18-20; 
Tables 2A-2D, Specification p. 37-43). Because a PH5DR maize plant has all the 
physiological and morphological characteristics of PH5DR, such a plant is within the 
scope of claim 11. While claim 1 1 is not limited to PH5DR, that limitation is present in 
claims 25-27 and 30. Claim 25 includes the limitation that the maize plant be "derived 
from the inbred line PH5DR." Claim 30 requires in part "obtaining an Fl hybrid seed for 
which maize inbred line PH5DR is a parent". Claims 25-27 and 30 accordingly require 
derivation from inbred maize line PH5DR. Since the scope of the claimed subject matter 
is clear, claims 25-27 and 30 are not indefinite. See MPEP § 2173.04. Applicant 
therefore submits that claims 25-27 and 30 are definite under 35 U.S.C. § 112, Second 
Paragraph. 
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3. Claims 28 and 29 are Definite 

The Examiner states "[c]laims 28 and 29 are indefinite because it is unclear how 
the maize plant of claim 1 1 is employed in a plant breeding technique, since a plant 
breeding technique can 'employ' a myriad of steps it is unclear where in such techniques 
the maize plant of claim 1 1 is actually employed". {See October 17, 2005 Office Action, 
p. 3). 

Applicant notes that the term "employ" in claim 28 is not directed at the breeding 
technique but rather the use of the maize plant of claim 11. Claim 28 is directed towards 
a method for developing a maize plant in a plant breeding program where the maize plant 
of claim 11 is used as a " source of breeding material " (emphasis added). Claim 29 is 
directed towards the plant breeding program of claim 28, wherein several different plant 
breeding techniques may be used. The language of claim 28 makes clear that the maize 
plant of claim 1 1 is to be used as a source of breeding material in the breeding program 
described by claims 28 and 29. 

Moreover, in The Beachcombers, International, Inc., the court stated "[t]he 

operative standard for determining whether this requirement has been met is whether 

those skilled in the art would understand what is claimed when the claim is read in light 

of the specification". The Beachcombers, International, Inc., v. Wildewood Creative 

Products, 31 F.3d 1154, 1158, 31 U.S.P.Q.2d 1653 (Fed. Cir. 1994). Here, the 

Specification describes a number of various plant breeding techniques. (Specification, p. 

1, 1. 18-p. 7, 1. 2). In particular, the Specification discusses the role of an inbred maize 

line in a plant breeding program: 

Plant breeding techniques known in the art and used in a maize plant breeding 
program include, but are not limited to, recurrent selection, backcrossing, 
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pedigree breeding, restriction length polymorphism enhanced selection, genetic 
marker enhanced selection and transformation. The development of maize 
hybrids in a maize plant breeding program requires, in general, the development 
of homozygous inbred lines, the crossing of these lines, and the evaluation of the 
crosses. Pedigree breeding and recurrent selection breeding methods are used to 
develop inbred lines from breeding populations. Maize plant breeding programs 
combine the genetic backgrounds from two or more inbred lines or various other 
germplasm sources into breeding pools from which new inbred lines are 
developed by selfing and selection of desired phenotypes. The new inbreds are 
crossed with other inbred lines and the hybrids from these crosses are evaluated to 
determine which of those have commercial potential. (Specification, p. 3, 11. 19- 
30) (emphasis added). 

As the Specification makes clear, one of ordinary skill in the art would know how a 

maize inbred line is to be used in a plant breeding program. As taught by the 

Specification, the maize inbred is used as a source of germplasm in creating new maize 

varieties. It is thus clear from the Specification, and to one of ordinary skill in the art, 

how PH5DR would be employed in a plant breeding program. Accordingly, Applicant 

submits that claims 28 and 29 are definite under 35 U.S.C. § 112, Second Paragraph. 



C. The Written Description Rejection Has Been Improperly Maintained 

The Examiner rejects claims 1-30 as failing to comply with the written description 
requirement. The Examiner states that "Applicant does not describe the genus of progeny 
produced by crossing inbred maize line PH5DR with other maize plants. 1 ' {See March 
14, 2005 Office Action, p. 3). The Examiner further states that "the genus of Fl hybrids 
would only be described by a partial structure, such a partial structure does not describe 
the function because such function would also depend upon the chromosomes of the 
'other' inbred line." {See October 17, 2005 Office Action, p. 4). 

The Examiner further rejects claims 1 1-30 as introducing new matter into the 
claims. The Examiner states that "the specification does not provide written description 
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support for a maize plant having all the morphological and physiological characteristics 
of inbred maize line PH5DR". (See October 17, 2005 Office Action, p. 9). The new 
matter rejection is addressed in Section 2.b. infra. 

Applicant believes that the Examiner's rejections are improper and that the written 
description requirement has been satisfied for several different reasons, described in 
detail infra, 

1. The Law of Written Description 

The written description requirement has been satisfied if one skilled in the 
relevant art would recognize that the Applicant had possession of the invention at the 
time the application was filed. Vas-Cath Inc. v. Mahurkar, 935 F.2d 1555, 1563, 19 
U.S.P.Q.2d 1111, 1117 (Fed. Cir. 1991); Wang Labs, Inc. v. Toshiba Corp., 993 F.2d 
858, 865, 26 U.S.P.Q.2d 1767, 1774 (Fed. Cir. 1993). In essence, "the description must 
clearly allow persons of ordinary skill in the art to recognize that [the Applicant] invented 
what is claimed." In re Gosteli, 872 F.2d 1008, 1012, 10 U.S.P.Q.2d 1614, 1618 (Fed. 
Cir. 1989). The Federal Circuit has recently characterized the purpose of the written 
description requirement as to "ensure that the scope of the right to exclude, as set forth in 
the claims, does not overreach the scope of the inventor's contribution to the field of art 
as described in the patent specification." Reifftn v. Microsoft Corp., 214 F.3d 1342, 1345, 
54 U.S.P.Q.2d 1915, 1917 (Fed. Cir. 2000). 

For inventions similar to Applicant's, the Federal Circuit has held that deposit in 
the ATCC constitutes an adequate description sufficient to comply with the written 
description requirement of § 112, f 1. Enzo Biochem, Inc. v. Gen-Probe Inc., 323 F.3d 
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956, 965, 63 U.S.P.Q.2d 1609, 1613-14 (Fed. Cir. 2002). The Board of Patent Appeals & 
Interferences has also confirmed the sufficiency of a deposit for seed and plants in the 
case of Ex Parte C, 1992 WL 515817 P. * 5, 27 U.S.P.Q.2d 1492, 1496 (Bd. Pat. App. & 
Interf. 1992), where it stated that M [t]he claimed soybean is described in the specification 
to the extent that there is no question that appellant was in possession of the invention as 
of the time the instant application was filed. Because seed is to be deposited in a public 
depository, the specification is enabling and sets forth the best mode of carrying out the 
invention." 

In order to satisfy the written description requirement, an Applicant "[is] not 
required to disclose every species encompassed by their claims even in an unpredictable 
art". Regents of University of California v. Eli Lilly, 119 F.3d 1559, 1569, 43 U.S.P.Q.2d 
1398, 1406 (Fed. Cir. 1997) (citing as analogous argument In re Angstadt, 537 F.2d 498, 
502-03, 190 U.S.P.Q.2d 214, 218 (Cust. & Pat. App. 1976)). Consistent with this 
principal, The Board of Patent Appeals & Interferences, in a case involving the written 
description requirement as applied to seed and plants, stated "[i]f in making the latter 
comment the examiner is requiring appellants to have reduced to practice each possible 
plant within the scope of the claims, such a position is legally incorrect. The 
specification need only teach one skilled in the art how to make and use the claimed 
invention. How the specification does so, whether by way of the written word or actual 
examples, is of no moment." Ex parte Gerardu CM. Bentvelsen et a/,, 2001 WL 
1197757, p. *2 (Bd. Pat. App. & Interf. 2001). 

The U.S. Supreme Court acknowledged in dicta the possibility that a claim to the 
genus of Fl hybrids can be covered in a patent to an inbred. J.EM. Ag. Supply, Inc. v. 
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Pioneer Hi-Bred lnt% Inc., 534 U.S. 124, 143, 122 S.Ct. 593, 604, 60 U.S.P.Q.2d 1865, 
1873 (2001). The Court stated therein that "...a utility patent on an inbred plant line 
protects the line as well as all hybrids produced by crossing that inbred with another plant 
line." J.EM Ag. Supply, Inc. 534 U.S. at 143, 122 S.Ct. at 604, 60 U.S.P.Q.2d at 1873. 

In addition to description by structure, the written description requirement may be 
satisfied by disclosing functional characteristics where there is a correlation between 
structure and function. The Federal Circuit has stated that the written description 
requirement may be met by "show[ing] that an invention is complete by disclosure of 
sufficiently detailed, relevant identifying characteristics . . . i.e., complete or partial 
structure, other physical and/or chemical properties, functional characteristics when 
coupled with a known or disclosed correlation between function and structure, or some 
combination of such characteristics/ 1 Enzo Biochem, Inc., 323 F.3d at 964, 63 
U.S.P.Q.2d at 1613 (quoting and adopting the USPTO's Written Description Guidelines, 
66 Fed. Reg. 1106, No. 4 (2001)). 

2. The Examiner's Conclusion of Lack of Written Description is Based on an 
Incorrect Application of the Law to the Claimed Invention 

a. Maize seed, plants and plant parts encompassed by Applicant's 
claims 1-6, 12-16 and 7-10 have been fully described 

i. The maize seed, plants, and plant parts of claims 1-6 
and 12-16 have been described 

Rejected claims 1-6 are directed to maize seed, plants and plant parts comprising 

at least one set of the chromosomes of maize inbred line PH5DR and claims 12-16 are 

directed to maize seed, plants and plant parts which are produced by crossing a first 

parent maize plant with a second parent maize plant, wherein at least one of the maize 
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parent plants is a maize plant having all the physiological and morphological 
characteristics of PH5DR and where a sample of PH5DR was deposited with the ATCC. 

This Board has already determined that claims substantially similar to Applicant's 
claims have fulfilled the written description requirement. In so doing, The Board 
considered arguments similar to the Examiner's and ultimately concluded that the 
appealed claims were allowable. See Ex parte William D. Griffith, Appeal No. 2004- 
1968; Ex parte Frances L. Garing, Appeal No. 2004-2343; and Ex parte Thomas B. 
Carlson, Appeal No. 2004-2317. 

An inbred maize plant is primarily used for the development and production of an 
Fl hybrid maize plant. An Fl hybrid is a maize plant which is the result of a cross 
between two inbred plants. (See Specification, p. 3, 1. 17-p. 7, 1. 2). Due to the genetic 
nature of the inbred, an Fl hybrid produced from the cross of two inbreds will always be 
the same. (See Specification, p. 4, 1. 27-p. 7, 1. 2). 

The written description requirement may be fulfilled by identifying a structural 
feature which is present in each member of a claimed genus. Regents of University of 
California, 119 F.3d at 1568, 43 U.S.P.Q.2d at 1406 (teaching that claims may satisfy the 
written description requirement where they disclose "structural features commonly . 
possessed by members of the genus that distinguish them from others.") The maize 
seeds, plants and plant parts of claims 1-6 and 12-16 all share the same genetic 
component and/or cells received from inbred parent PH5DR. Applicant has prepared a 
diagram, attached herewith as Exhibit 2, which is a visual representation of the fact that 
most of the cells in a maize inbred will have two essentially duplicate sets of ten 
chromosomes. (For illustrative purposes the ten chromosomes are represented by three 
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rectangles in the Exhibits). In order to produce an Fl hybrid, the inbred will produce a 

haploid cell, such as pollen or an ovule. These haploid cells receive one copy of the 

inbred's duplicate sets of chromosomes. Accordingly, the Fl hybrid seed receives one 

complete set of chromosomes from the inbred parent, regardless of whether the inbred is 

used as the male or female parent of the Fl hybrid. {See Exhibits 3 and 4). 

As known by one skilled in the art, the reason an Fl hybrid produced from an 

inbred maize line will always receive one complete set of chromosomes from the inbred 

parent is because the genome of a maize inbred line is homozygous. This homozygosity 

is a consequence of self pollination that occurs during the inbreeding process. As 

described in the Specification: 

The inbred has shown uniformity and stability within the limits of environmental 
influence for all the traits as described in the Variety Description Information 
(Table 1) that follows. The inbred has been self-pollinated and ear-rowed a 
sufficient number of generations with careful attention paid to uniformity of plant 
type to ensure the homozygosity and phenotypic stability necessary to use in 
commercial production. The line has been increased both by hand and in isolated 
fields with continued observation for uniformity. No variant traits have been 
observed or are expected in PH5DR. (Specification, p. 16, 11. 28-34). 

In support of the assertion that the claims are not fully described, the Examiner 

cites In re Wallach, 378 F.3d 1330, 71 U.S.P.Q.2d 1939 (Fed. Cir. 2004). {See October 

17, 2004 Office Action, pp. 4-5). However, In re Wallach is inapposite to the present 

case and is not applicable to Applicant's claimed invention. The issue in In re Wallach 

was whether or not the Appellants had provided an adequate written description for a 

claim to a DNA sequence when only a partial amino acid sequence had been disclosed. 

In re Wallach, 389 F.3d at 1334, 71 U.S.P.Q.2d at 1942. Without the full sequence of the 

protein, there is no way Appellants or others skilled in the art could have knowledge as to 

the DNA sequence encoding it. In re WallacK 389 F.3d at 1335, 71 U.S.P.Q.2d at 1942- 
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43. By contrast, Applicant's invention relates to hybrid seed and plants which are 
produced by crossing inbred maize line PH5DR with another maize plant. As described 
infra, each member of the genus of hybrids which has PH5DR as a parent and which is 
encompassed by claims 1-6 and 12-16 contains the chromosomes of inbred line PH5DR. 

The Examiner further cites Amgen, Inc. v. Chugai Pharmaceutical Co., Ltd., 927 
F.2d 1200, 18 U.S.P.Q.2d 1016 (Fed. Cir. 1991) and states "the conception of a chemical 
compound requires the inventor to be able to define the compound so as to distinguish it 
from other materials, and to describe how to obtain it rather than simply defining it solely 
its principle biological property". {See October 17, 2004 Office Action, p. 6). 
Applicant's invention is consistent with the principle set forth in Amgen, Inc. The genetic 
marker profile of the set of chromosomes of PH5DR that will be retained in an Fl hybrid 
made with PH5DR can be obtained from the deposited seed, and are disclosed in the 
genetic (SSR) marker profile in the copending parent application U. S. Patent No. 
6,727,413 which one of ordinary skill in the art has access to. 1 {See U.S. Patent No. 
6,727,413, Table A, column 11, 11. 57-67 through column 13, 11. 1-41). These molecular 
markers allow one of ordinary skill in the art to distinguish a maize plant containing a set 
of chromosomes of PH5DR from other maize plants. 

An invention may be defined by "whatever characteristics sufficiently distinguish 
it." Amgen, 927 F.2d at 1200, 1206, 18 U.S.P.Q.2d at 1021 (Fed. Cir. 1991). Here, 

1 Applicant wishes to point out the prosecution history relevant to Table A of copending parent application, 
U.S. Patent No. 6,727,413. In an Amendment dated April 22, 2003, Applicant amended the Specification 
to include the SSR profile of Table A {See April 22, 2003 Amendment, p. 17). The Examiner then objected 
to the amendment to include Table A as new matter. {See June 20, 2003 Office Action, p. 9). Applicant 
next objected to the Examiner's rejection, but for the purposes of expediting prosecution canceled the 
amendment adding the Table at the Examiner's request. {See September 2, 2003 Amendment After Final, 
p. 8). Then, in a telephone interview of October 7, 2003, Applicant agreed to the deletion of Table A. {See 
October 7, 2003 Interview Summary). The SSR profile included in Table A was then disclosed by the PTO 
in the published parent patent, making it available to one of ordinary skill in the art for both U.S. Patent No. 
6,727,413 and the present application. 
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has chosen to describe the subject matter of claims 1-6 as maize seed, plants and plant 

parts comprising at least one set of the chromosomes of PH5DR. Claims 12-16 are 

described as maize seed, plants and plant parts which are produced by crossing a first 

parent maize plant with a second parent maize plant, where at least one of the maize 

parent plants is PH5DR or an equivalent maize plant having all the physiological and 

morphological characteristics of PH5DR. By virtue of their method of production, the 

plants of claims 12-16 will also comprise at least one set of the chromosomes of PH5DR. 

As noted previously, The Board of Patent Appeals & Interferences has already 

determined that where an inbred maize plant had been deemed allowable, claims to the 

Fl hybrid seed and plants resulting from a cross between the allowable inbred maize 

plant and another inbred maize plant satisfied the written description requirement. See Ex 

parte Carlson (Bd. Pat. App. & Interf. 2005). The Board therein stated: 

All that is required by the claims is that the hybrid has one parent that is a plant of 
corn variety [inbred]. Since the examiner has indicated that the seed and the plant 
of the corn variety [inbred] are allowable . . . there can be no doubt that the 
Specification provides and adequate written description of this corn variety. In 
addition, the examiner appears to recognize (Answer, page 25) that appellant's 
Specification describes an exemplary hybrid wherein one parent was a plant of the 
corn variety [inbred]. . . Accordingly, it is unclear to this merits panel what 
additional description is necessary. Ex parte Carlson, p. 16. 

In the present case, Applicant has similarly complied with the written description 

requirement. Applicant has fulfilled the written description requirement of § 1 12, S[ 1 by 

depositing representative seeds of maize line PH5DR in the ATCC depository as deposit 

number PTA-4525 and by referencing the deposit in the Specification (p. 51, 11. 2-30). 

The maize seed and plants of inbred line PH5DR have already been deemed allowable. 

See U.S. Patent No. 6,727,413. Applicant has provided example in Tables 3 and 4A-4C 

of Fl hybrid combinations made with PH5DR whose Fl hybrid seed and plants were 
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reduced to practice as of the filing date. (See Specification, Tables 3 and 4A-4C, pp. 44- 
50). This represents an actual reduction to practice of the claimed invention in 
accordance MPEP, § 2163(II)(A)(3)(a)(ii) and is indistinguishable from the analogous 
facts of Ex parte Carlson. 

The Examiner further contends that "Applicant has only described by way of a 
deposit of biological material half of the genetic structure." (See October 17, 2004 Office 
Action, p. 6). As described infra, each member of the genus of hybrids which has 
PH5DR as a parent and which is encompassed by claims 1-6 and 12-16 shares the 
identifying structural feature of comprising a set of chromosomes of inbred line PH5DR. 
One of skill in the art, utilizing technology well known in the art, could identify any 
member of the claimed genus, and could distinguish an Fl hybrid made with PH5DR as a 
parent from an Fl hybrid not made with PH5DR as a parent. This is sufficient to meet 
the written description requirement. See Regents of University of California, 1 19 F.3d at 
1568,43 U.S.P.Q.2d at 1406. 

The Examiner's reference to Kevern, U.S. Patent No. 5,850,009 is inapposite 
because the section cited therein is discussing genetically segregating F2 populations of 
seed. By contrast, Fl hybrids, including the Fl hybrid seed and plants of claims 1-6 and 
12-16, are not genetically segregating populations. (See Exhibits 2-4, and Specification, 
p. 4, 1. 35-p. 5, 1. 10). 

For the above reasons, a person skilled in the art would recognize that Applicant 
was in possession of the Fl hybrid maize seed, plants and plant parts of claims 1-6 and 
12-16. 
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ii. The hybrid maize seed and plants of claims 7-10 
have been described 

Rejected claims 7-10 are directed towards Fl hybrid maize seed and plants 
comprising an inbred maize plant cell of inbred maize line PH5DR. These claims are 
adequately described for all the reasons stated supra in the Argument section C.2.a.i, as 
well as for the reasons stated below. Furthermore, claims directed towards an Fl hybrid 
maize seed and plants comprising an inbred maize plant cell have already been deemed 
allowable by this Board and the Examiner of those cases. See Ex parte William D. 
Griffith, Appeal No. 2004-1968; Ex parte Frances L. Garing, Appeal No. 2004-2343; 
and Ex parte Thomas B. Carlson, Appeal No. 2004-2317. 

Claims 7-10 are directed to an Fl hybrid maize seed and plants comprising an 
inbred maize plant cell. Pericarp tissue is a layer of tissue (cells) surrounding the outside 
of maize seed, which can be peeled and analyzed. One of ordinary skill in the art would 
know that the pericarp tissue of an Fl hybrid seed comprises intact plant cells of the 
maternal parent. Thus, an Fl hybrid seed created with PH5DR as the maternal parent 
will have pericarp tissue comprising a plant cell of PH5DR, and this plant cell is 
genetically identical to cells of inbred maize line PH5DR present in the seed deposit. The 
written description requirement is fulfilled where a structural feature is identified which 
is present in each member of a claimed genus. Regents of University of California, 119 
F.3d at 1568, 43 U.S.P.Q.2d at 1406. 

Accordingly, a person skilled in the art would recognize that Applicant was in 
possession of Fl hybrid maize seed, plants and plant parts comprising at least one 
PH5DR cell. As further specified in claim 9, this cell would comprise two sets of the 
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chromosomes of PH5DR {See Exhibit 2). Therefore, claims 7-10 are adequately 
described by the Specification. 

b. The inbred maize seed, plants and plant cells having 

all the physiological and morphological traits of PH5DR 
and encompassed by Applicant's claims 11, 17-18 have 
been fully described and are not new matter 

Rejected claims 11 and 17-18 are directed to maize plants, seed, and plant cells 
having all the physiological and morphological characteristics of inbred line PH5DR, 
wherein a sample of the seed of inbred line PH5DR was deposited under ATCC 
Accession Number PTA-4525. This Board has already determined that claims directed 
towards maize plants and plant cells having all the physiological and morphological 
characteristics of an inbred are allowable. See Ex parte William D. Griffith, Appeal No. 
2004-1968; Ex parte Frances L. Garing, Appeal No. 2004-2343; and Ex parte Thomas fl. 
Carlson, Appeal No. 2004-2317. 

Applicant asserts that the written description and new matter rejections of claims 
11 and 17-18 are based on an incorrect interpretation of the scope of claim 11. Applicant 
has provided morphological, phenotypic and genotypic description to the greatest extent 
permitted by the subject matter. The Federal Circuit has stated "[i]f the claims . . . 
reasonably apprise those skilled in the art both of the utilization and scope of the 
invention, and if the language is as precise as the subject matter permits, the courts can 
demand no more." Shatterproof Glass Corp. v. Libey-Owens Ford Co., 758 F.2d 613, 
624, 225 U.S.P.Q. 634, 641 (Fed. Cir. 1985) (discussing how a Specification adequately 
meets the standards set forth in 35 U.S.C. § 1 12, First and Second Paragraphs). 

Applicant has fully described a plant having all the physiological and 
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morphological traits of maize inbred line PH5DR. Indeed the Examiner acknowledges 
that Applicant has described the plant and seed of PH5DR by way of the deposit: the 
Examiner states that "the deposit in the instant application only describes inbred maize 
line PH5DR." {See October 17, 2004 Office Action, p. 6). Furthermore, the maize seed 
and plants of inbred line PH5DR have already been deemed allowable. See U.S. Patent 
No. 6,727,413. 

Applicant teaches in the Specification that a maize plant having all the 

physiological and morphological characteristics of PH5DR can be produced from a tissue 

culture of maize inbred line PH5DR. The Specification states: 

Tissue culture of maize is described in European Patent Application, Publication 
No. 160,390, incorporated herein by reference. Maize tissue culture procedures 
are also described in Green and Rhodes, "Plant Regeneration in Tissue Culture of 
Maize," Maize for Biological Research (Plant Molecular Biology Association, 
Charlottesville, Virginia 1982, at 367-372) and in Duncan, et al, "The Production 
of Callus Capable of Plant Regeneration from Immature Embryos of Numerous 
Zea Mays Genotypes," 165 Planta 322-332 (1985). Thus, another aspect of this 
invention is to provide cells which upon growth and differentiation produce maize 
plants having the physiological and morphological characteristics of inbred line 
PH5DR. (Specification, p. 22, 11. 17-25). 

The Specification also describes in detail the traits exhibited by inbred maize line 
PH5DR: 

Inbred maize line PH5DR is a yellow, dent maize inbred that is suited as a female 
for producing first generation Fl maize hybrids. Inbred maize line PH5DR is best 
adapted to the Southcentral, Southwest, and Western regions of the United States 
and can be used to produce hybrids from approximately 120 relative maturity 
based on the Comparative Relative Maturity Rating System for harvest moisture 
of grain. Inbred maize line PH5DR demonstrates high grain yield, above average 
cold test score, and hard textured kernels as an inbred per se. In hybrid 
combination, including for its area of adaptation, inbred PH5DR demonstrates 
high grain yield, above average test weight, and good overall disease resistance. 
(Specification, p. 16) 
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Data is also provided that describes the physiological and morphological traits of PH5DR 
and also compares inbred PH5DR to various other inbreds. (See Table 1, Specification 
pp. 18-20; Tables 2A-2D, Specification pp. 37-43). 

An invention may be defined by "whatever characteristics sufficiently distinguish 
it." Amgen, 927 F.2d at 1200, 1206, 18 U.S.P.Q.2d at 1201 (Fed. Cir. 1991). In the 
present case, Applicant chose to describe the subject matter of claim 1 1 by claiming a 
maize plant having all the physiological and morphological traits of PH5DR, wherein the 
seed of inbred maize line PH5DR has been deposited with the ATCC. Applicant 
additionally chose to describe the subject matter of claim 17 as a cell of the maize plant 
of claim 1 1 and the subject matter of claim 18 as a seed comprising the cell of claim 17. 

An individual of ordinary skill in the art is able to acquire the PH5DR seed 
deposited with the ATCC, plant that seed and then grow a PH5DR plant. Moreover, the 
ATCC performs viability testing on deposited seed in order to confirm that it germinates. 
Accordingly, one of ordinary skill in the art would know that at the time of filing the 
application, Applicant was in possession of a plant exhibiting all the physiological and 
morphological traits of PH5DR, wherein a seed sample of PH5DR was deposited with the 
ATCC. The written description requirement has accordingly been satisfied for claims 1 1 
and 17-18. See Vas-Cath Inc., 935 F.2d at 1563, 19 U.S.P.Q.2d at 1117. Claims 11, 17- 
18 are not new matter and have therefore been fully described. 
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c. The maize plants having all the physiological and morphological 
traits of PH5DR and a single gene conversion and/or 
transgene encompassed by Applicant's claims 19-24 have 
been fully described 

Rejected claims 19-24 are directed towards a maize plant having all the 
physiological and morphological characteristics of inbred line PH5DR, wherein the seed 
of PH5DR was deposited with the ATCC and wherein the maize plants have a genome 
comprising a single gene conversion and/or transgene such as herbicide tolerance; insect 
resistance; resistance to bacterial, fungal, or viral disease; yield enhancement; waxy 
starch; improved nutritional quality; male sterility and restoration of male fertility. 
Claims 19-24 ultimately depend from claim 11, which has been discussed supra. 

This Board has already determined that claims substantially similar to Applicant's 
claims 19-24 were allowable and fulfilled the written description requirement. See Ex 
parte William D. Griffith, Appeal No. 2004-1968; Ex parte Frances L. Garing, Appeal 
No. 2004-2343; and Ex parte Thomas B. Carlson, Appeal No. 2004-2317. Despite this 
fact, the Examiner rejects claims 19-24 as failing to meet the written description 
requirement and states "claims 19, 21 and 22-24 are directed to inbred maize plants 
having a single locus conversion or gene that Applicant does not describe inbred maize 
line PH5DR as inherently having". (See October 17, 2005 Office Action, p. 8). The 
Examiner further states that a '"locus' can comprise multiple coding sequences due to 
linkage drag". (See October 17, 2005 Office Action, p. 9). 

As Applicant has demonstrated supra, the new matter rejection of claims 19-24 is 
based on an incorrect interpretation of the scope of claim 1 1 by the Examiner. Further, 
the Specification describes the physiological and morphological traits of PH5DR. (See 
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Table 1, Specification pp. 18-20; Tables 2A-2D, Specification pp. 37-43). Applicant has 
additionally amended claims 19-23 to recite M gene" instead of "locus". 

A single gene conversion refers to the introgression of a trait governed by a single 
gene into a maize plant. (See Specification, p. 21, 11. 16-34; p 28, 1. 9 - p. 32, 1. 19). The 
Specification provides multiple examples of transgenes and other single gene conversions 
conferring specific traits which can be added to PH5DR. (See Specification, p. 21, 11. 16- 
34; p 28, 1. 9 - p. 32, 1. 19). For example, the Specification describes traits, such as "waxy 
starch, nutritional enhancements, industrial enhancements, disease resistance, insect 
resistance, herbicide resistance and yield enhancements" for which the appropriate genes 
may be backcrossed into PH5DR. (Specification, p. 21, 11. 21-23). Further, and for 
purposes of example only, the Specification describes over four pages of exemplary 
transgenes which may be added to PH5DR. (See Specification, p. 28, 1.9 - p. 32, 1. 19). 
In order to satisfy the written description requirement, an Applicant "[is] not required to 
disclose every species encompassed by their claims even in an unpredictable art". 
Regents of University of California, 1 19 F.3d at 1569, 43 U.S.P.Q.2d at 1406. 

The Specification also describes how to backcross traits into PH5DR. (See 

Specification, p. 21, 11. 16-31). The Specification states: 

Backcrossing can be used to transfer a specific desirable trait from one inbred or 
source to an inbred that lacks that trait. This can be accomplished, for example, 
by first crossing a superior inbred (recurrent parent) to a donor inbred (non- 
recurrent parent), that carries the appropriate gene(s) for the trait in question. The 
progeny of this cross is then mated back to the superior recurrent parent followed 
by selection in the resultant progeny for the desired trait to be transferred from the 
non-recurrent parent." (Specification, p. 4, 11. 7-13). 

Furthermore, the Specification teaches multiple ways of introgressing or transforming a 
maize plant with various genes which encode specific protein products which confer 
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advantageous traits desired in the plant. (See Specification, p. 22, 1. 31-p. 34, 1. 13). This 
includes the use of markers to aid in the identification, selection and transformation of the 
maize plant with the desired gene. 

Backcrossing has been successfully used by corn breeders to introduce single 
gene traits into elite inbreds since the 1950's. Wych (1988) Production of Hybrid Seed, 
Corn and Corn Improvement, Ch. 9, pp. 585-586 (attached as Exhibit 5). Wych discusses 
how the male sterility trait is routinely backcrossed into an inbred line and how this is 
used to produce a sterile/fertile blend of an Fl hybrid in order to reduce seed production 
costs. Wych, pp. 585-586. In addition, it is currently the method used to introgress a 
transgene of interest into an elite inbred, and then this elite inbred comprising a single 
gene trait conversion is used to create Fl hybrids with the trait. The commercial market 
now distributes a multitude of products produced in this manner. 

The ability of one of ordinary skill in the art to effectively use backcrossing to 
introgress a single gene conversion (a single trait conversion) is also clearly supported by 
the scientific literature. For example, see Ragot, M. et al (1995) Marker-assisted 
backcrossing: a practical example, in Techniques et Utilisations des Marqueurs 
Moleculaires (Les Colloques, Vol. 72, pp. 45-56 (attached as Exhibit 6), and Openshaw 
et al, (1994) Marker-assisted Selection in Backcross Breeding, Analysis of Molecular 
Marker Data, pp. 41-43 (attached as Exhibit 7). Ragot et al provides multiple 
demonstrations of successful backcrosses. Ragot et al, Fig. 1-a - 1-d, pp. 48-52. One of 
ordinary skill in the art reduces linkage drag via recurrent backcrossing and molecular 
selection from the homozygous parent line. Accordingly, Ragot et al teaches that with 
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an inbred line, such as PH5DR, and the knowledge of one skilled in the art, single gene 
conversions are commonly made with little or no linkage drag. 

It is understood by those of skill in the art that backcross conversions and 
transformations are routinely produced and do not represent a substantial change to a 
variety. For example, Hallauer et al states that "[f]or single gene traits that are relatively 
easy to classify, the backcross method is effective and relatively easy to manage." 
Hallauer et al (1988) Corn Breeding, Corn And Corn Improvement, No. 18, p. 472 
(attached as Exhibit 8). The teaching of Hallauer et al relates specifically to corn 
breeding. 

Further, the World Seed Organization, on its web site, writes, "[t]he concept of an 
essentially derived variety was introduced into the 1991 Act of the UPOV Convention in 
order to avoid plagiarism through mutation, multiple back-crossing and to fill the gap 
between Plant Breeder's Rights and patents." ASSINSEL, an International breeders 
association, has published a position paper that refers to a conversion produced by 
repeated backcrossing of parental lines of hybrid varieties as a "cosmetic modification". 
As determined by the UPOV Convention, "essentially derived varieties may be obtained 
for example by the selection of a natural or induced mutant, or of a somaclonal variant, 
the selection of a variant individual from plants of the initial variety, backcrossing , or 
transformation by genetic engineering" (emphasis added) (copies of web pages with these 
quotes are attached as Exhibit 9). 

Applicant further wishes to point out that the plants and seeds of claims 19-24 
must be within the scope of claim 11, meaning that they must exhibit the physiological 
and morphological traits of PH5DR. The Examiner states that "a 'locus' can comprise 
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multiple coding sequences due to linkage drag" (Final Office Action, p. 9). Except for 
the difference conferred by the inserted transgene, the plants and seeds of claims 19-24 
will exhibit the same physiological and morphological characteristics as PH5DR. 
Accordingly, the Examiner's argument related to linkage drag is a moot issue and not 
applicable. 

As argued supra, Applicant has described a plant having all the physiological and 
morphological traits of PH5DR. Applicant has additionally described exemplary 
transgenes as well as how to add these transgenes to a maize plant having all the 
physiological and morphological traits of PH5DR. Accordingly, an individual skilled in 
the art would therefore understand that Applicant was in possession of variety PH5DR, 
comprising a single gene conversion and/or a transgene. Claims 19-24 have been fully 
described. 

d. The methods for producing maize plants using the plant of 
claim 11 encompassed by Applicant's claims 25-30 have 
been fully described 

Rejected claims 25-30 are directed towards methods for producing or developing 
a maize plant which utilize a maize plant having all the physiological and morphological 
characteristics of inbred line PH5DR, wherein a sample of PH5DR has been deposited 
with the ATCC. This Board has already determined that claims similar to Applicant's 
claims 25-30 are allowable. See Ex parte William D. Griffith, Appeal No. 2004-1968; Ex 
parte Frances L. Garing, Appeal No. 2004-2343; and Ex parte Thomas B. Carlson, 
Appeal No. 2004-2317. 

The Examiner rejects claims 25-30 as failing to meet the written description 
requirement and states the "invention of said claims lack adequate written description 
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because they are directed to . . . methods of using said progeny [of PH5DR]". (See 
October 17, 2005 Office Action, p. 8). Applicant asserts that the Examiner improperly 
included the rejection of claims 25-30 in the rejection of the hybrid claims. Claims 25-30 
are method claims directed towards producing a maize plant using the plant of claim 1 1 
and are not directed towards hybrid maize plants as the Examiner implies. 

PH5DR represents a novel starting material used in a variety of breeding 
techniques well known to an individual skilled in the art. Proper claim construction 
requires treating language in a method claim which recites the making or using of a 
nonobvious product as a material limitation. See MPEP § 2116.01. Because written 
description is measured in relation to the invention as it is claimed, the use of PH5DR in 
the plant breeding techniques of claims 25-30 is a limitation that must be considered for 
written description. See Shatterproof Glass Corp. v. Libey-Owens Ford Co,, 758 F.2d at 
624, 225 U.S.P.Q. at 641 (Fed. Cir. 1985). 

Applicant accordingly has shown that they are in possession of the novel point of 
claims 25-30, which is the use of PH5DR. This is sufficient to meet the written 
description requirement. Vas-Cath, Inc., 935 F.2d at 1563-64, 19 U.S.P.Q.2d at 1117. 
An individual skilled in the art would understand methods for producing or developing a 
maize plant which utilizes PH5DR or a maize plant with all the physiological and 
morphological characteristics of inbred line PH5DR. Accordingly, claims 25-30 have 
been fully described. 
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3. Conclusion as to Written Description 

The written description requirement has been satisfied if one skilled in the 
relevant art would recognize that the Applicant had possession of the invention at the 
time the application was filed. Vas-Cath Inc., 935 F.2d at 1555, 1563, 19 U.S.P.Q.2d at 
1111, 1117; Wang Labs Inc., 993 F3d at S5S, 865, 26 U.S.P.Q.2d at 1774. Applicant has 
created a novel inbred line PH5DR, and by virtue of the deposit of PH5DR, one of 
ordinary skill in the art is in possession not only of PH5DR, but of a genus of Fl hybrids 
produced with PH5DR, transgenic and other single gene trait conversions of PH5DR, and 
methods of using PH5DR in further plant breeding. Applicant is entitled to the scope of 
their invention as claimed. 

In sum, Applicant has fully satisfied the legal standards for written description as 
set forth in case law and the written description guidelines. Appellant therefore 
respectfully requests that the Examiner's rejection under 35 U.S.C § 1 12, First Paragraph 
be reversed. 

D. The Examiner has Failed To Rebut the Presumption of Enablement for 
Claims 1-10, 13-16 and 18-29 

The Examiner rejects claims 1-10, 13-16, and 18-29 as failing to comply with the 
enablement requirement. The Examiner states "Applicant does not teach how to make 
and use the genus of progeny produced by crossing inbred maize line PH5DR with other 
maize plants. . . Applicant only teaches a single double hybrid maize plant having inbred 
maize line PH5DR as one of its parents." (See March 14, 2005 Office Action, p. 5). The 
Examiner further states "claims 19-22 directed to a single gene conversion lack adequate 
enablement because the inbred maize line PH5DR is not taught to have such a single 
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gene conversion At claim 23, the maize line PH5DR is not taught as having a gene 

conferring male sterility or a transgene conferring the traits listed in claim 24." (See 
October 17, 2005 Office Action, pp. 12-13). The Examiner's rejections are improper for 
all of the reasons set forth below. 

1. The Law Of Enablement 
The Federal Circuit has stated: 

[A] Specification disclosure which contains a teaching of the manner and process 
of making and using the invention in terms which correspond in scope to those 
used in describing and defining the subject matter sought to be patented must be 
taken as in compliance with the enabling requirement of the First Paragraph of 
section 112 unless there is reason to doubt the objective truth of the statements 
contained therein which must be relied on for enabling support. 

In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436,1441 (Fed. Cir. 1995), 
citing, In re MarzocchU 439 F.2d 220, 223, 169 U.S.P.Q. 367, 369 (Cust. & Pat. App. 
1971). There is thus a presumption that the Applicant's disclosure is valid. Id. 

Enablement requires only that one of ordinary skill in the art be able to practice 
the claimed invention without undue experimentation. In re Wands, 858 F.2d 731, 737, 8 
U.S.P.Q.2d 1400, 1404 (Fed. Cir. 1988). Several factors may be considered in 
determining whether a Specification is enabling. Although none of these factors are 
controlling and not all of them need be considered, they are illustrative: (1) the quantity 
of experimentation necessary, (2) the amount of direction or guidance presented, (3) the 
presence or absence of working examples, (4) the nature of the invention, (5) the state of 
the prior art, (6) the relative skill of those in the art, (7) the predictability or 
unpredictability of the art, and (8) the breadth of the claims. In re Wands, 858 F.2d at 
737, 8 U.S.P.Q.2d at 1404. Experimentation is permissible if it is routine and if guidance 
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is provided directing such experimentation such that one skilled in the art would be able 
to practice an embodiment of the invention. Ex parte Forman, 230 U.S.P.Q. 546, 547 
(Bd. Pat. App. & Inter! 1986). 

2. The Examiner's Conclusion of Lack of Non-Enablement is Based on an 
Inadequate Application of the Law to the Claimed Invention 

a. The claimed maize seed, plants and plant parts encompassed 
by Applicant's claims 1-10 and 13-16 have been fully enabled 

This Board has already determined that claims similar to Applicant's claims 1-10 
and 13-16 were allowable and fulfilled the enablement requirement. See Ex parte 
William D. Griffith, Appeal No. 2004-1968; Ex parte Frances L. Garing, Appeal No. 
2004-2343; and Ex parte Thomas B. Carlson, Appeal No. 2004-2317. In addition, 
Applicant has described how to produce an Fl hybrid from inbred maize line PH5DR. 
{See Specification, p. 4, 1. 28 -p. 7, 1. 2). Applicant has made a deposit of inbred PH5DR 
that fully enables others to obtain the inbred seed needed to make the claimed Fl hybrids. 
It would be routine to cross this plant with another to produce Fl hybrid seed. 

Applicant has also provided a working example showing the production of an Fl 
hybrid produced from the cross of inbred PH5DR and inbred PH6KW (See Tables 4A- 
4C, Specification, pp. 45-50). In addition, Table 3 provides further working examples 
which demonstrate that inbred PH5DR performs well in a variety of Fl hybrid crosses, a 
characteristic referred to by corn breeders as good general combining ability. 
The Examiner has shown no evidence as to why this working example does not show 
enablement of claims 1-10 and 13-16, directed to hybrid maize plants, plant parts and 
seeds produced by crossing maize inbred line PH5DR with another maize plant. One of 
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ordinary skill in the art could therefore use PH5DR and another maize inbred plant to 
create an Fl hybrid without undue experimentation. This is sufficient to enable claims 1- 
10 and 13-16. In re Wands, 858 F.2d at 737, 8 U.S.P.Q.2d at 1404. 

Here again, the Examiner's citation to Kevern, U.S. Patent No. 5,850,009 is 
misplaced. As discussed supra, the Examiner is referring to a section of Kevern (column 
4, 11. 41-46) that is specifically discussing genetically segregating populations of seed. 
As the Fl hybrid of the claimed invention is not a genetically segregating population, any 
reference to Kevern is inappropriate. 

For these same reasons, the Examiner's citation to Carlone, U.S. Patent No. 
5,763,755 is misplaced. Carlone states that "[e]ven if an inbred in hybrid combination 
has excellent yield, it may not be useful because it fails to have acceptable parental traits 
such as yield, seed size, pollen production, good silks, plant height, etc". (See March 14, 
2005 Office Action, p. 5, emphasis added). The referenced section of Carlone is 
specifically discussing selection within the genetically segregating populations of seed 
that a breeder uses for inbred development, not Fl hybrid creation. A hybrid of the 
claimed invention, however, is not a genetically segregating population. Further, the 
patent cited by the Examiner is one in which Carlone developed a novel inbred line and 
was allowed claims to the hybrid seed and plants produced from the novel inbred line. 
Therefore, Applicant respectfully asserts the Examiner has misinterpreted the cited 
portion of the Carlone reference and has inappropriately applied Carlone to the present 
invention. The use of stable inbred lines, such as PH5DR, does enable one of ordinary 
skill in the art to create the claimed hybrids. 
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Likewise, the Examiner's citation to Segebart, U.S. Patent No. 5,304,719 is 
misplaced. There again, the cited patent is discussing segregating F2 populations of seed. 
In contrast, the claimed invention teaches the use of stable and genetically fixed inbred 
lines to produce an Fl hybrid. Thus, Applicant respectfully asserts the arguments set 
forth by the Examiner do not apply to the presently claimed invention. 

Moreover, in column 25, lines 1-5, Segebart teaches that M [a]dvantageously, the 
inbred corn line is used in crosses with other, different, corn inbreds to produce first 
generation (Fl) corn hybrid seeds and plants with superior characteristics." Clearly, 
Segebart stands for the proposition that once an inbred line is developed, others of skill in 
the art have been enabled to make and use hybrids produced by crossing that inbred with 
different corn inbreds. Further, the patent being cited is one in which Segebart developed 
a novel inbred line and was allowed claims to the hybrid seed and plants produced from 
the novel inbred line. 

Inbred maize lines are primarily used to produce Fl hybrid seed and plants. The 
claimed Fl hybrid seed is routinely and easily produced by crossing a plant from inbred 
maize line PH5DR with a plant from another inbred maize line. Applicant has described 
how to produce an Fl hybrid from inbred maize line PH5DR. (See Specification, p. 4, 1. 
28-p. 7, 1. 2). Applicant has also made a deposit of inbred PH5DR that fully enables one 
of ordinary skill in the art to obtain the inbred seed needed to make the claimed Fl 
hybrids without undue experimentation. Accordingly, Applicant submits that claims 1-10 
and 13-16 are fully enabled. In re Wands, 858 F.2d at 737, 8 U.S.P.Q.2d at 1404. 
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b. The claimed maize seed encompassed by Applicant's claim 18 
has been fully enabled 

Rejected claim 18 is directed towards a seed comprising a cell of a maize plant 
having all the physiological and morphological traits of PH5DR, wherein PH5DR was 
deposited with the ATCC This Board has already determined that a claim similar to 
Applicant's claim 18 is allowable. See Ex parte William D. Griffith, Appeal No. 2004- 
1968; Ex parte Frances L. Garing, Appeal No. 2004-2343; and Ex parte Thomas B. 
Carlson, Appeal No. 2004-2317. 

The Examiner rejects claim 18 for the same reasons the Examiner rejects claims 
1-10 and 13-16. Claims 11 and 17 however, which claim 18 depends from, were not 
rejected by the Examiner. The Examiner has not provided any reason for why claim 18 is 
allegedly not enabled, despite the fact that claims 1 1 and 17 are. 

As discussed supra, Applicant has made a deposit of inbred PH5DR that allows 
one of ordinary skill in the art to obtain the inbred seed and grow a maize plant with all 
the physiological and morphological traits of PH5DR without undue experimentation. 
See Enzo Biochem, Inc., 323 F.3d at 965, 63 U.S.P.Q.2d at 1613. Cells of inbred PH5DR 
are present in the seed and in plants grown from the deposited seed. Accordingly, claim 
18, as well as claims 1 1 and 17 which were not rejected by the Examiner, are enabled. 

c. The claimed maize plants having all the physiological and 
morphological traits of PH5DR and a single gene conversion 
and/or transgene encompassed by Applicant's claims 19-24 
have been fully enabled 

Claims 19-24 are directed towards the plant of claim 11 comprising a single gene 

conversion and/or a transgene. The Examiner has rejected these claims as failing to 

comply with the enablement requirement on the basis that PH5DR is not taught as having 
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a single gene conversion, a gene conferring male sterility, or a transgene. (See October 
17, 2005 Office Action, pp. 12-13). 

This Board has already determined that claims similar to Applicant's claims 19-24 
were allowable and fulfilled the enablement requirement. See Ex parte William D. 
Griffith, Appeal No. 2004-1968; Ex parte Frances L. Garing, Appeal No. 2004-2343; 
and Ex parte Thomas B. Carlson, Appeal No. 2004-2317. 

As argued supra claim 11, which was not rejected by the Examiner, is enabled. 
Applicant has made a deposit of inbred PH5DR that allows one of ordinary skill in the art 
to obtain the inbred seed and grow a maize plant with all the physiological and 
morphological traits of PH5DR without undue experimentation. 

As described supra, the Specification provides multiple examples of transgenes 
and single gene conversions as well as a description of how to backcross genes governing 
desired traits into PH5DR. (See Specification, p. 21, 11. 16-34; p 28, 1. 9 - p. 32, 1. 19). In 
addition, as discussed supra, commercial development of hybrid maize commonly 
encompasses the use of introgression to produce a single gene conversion from novel 
elite inbred lines and is well known to one skilled in the art. Accordingly, claims 19-24 
are enabled. 

d. The claimed maize seed and plants having all the physiological and 
morphological traits of PH5DR and methods for making the same 
encompassed by Applicant's claims 25-29 have been fully enabled 

Rejected claims 25-30 are directed towards methods for producing or developing 

a maize plant which utilize a maize plant having all the physiological and morphological 

characteristics of inbred line PH5DR, wherein a sample of PH5DR has been deposited 

with the ATCC. This Board has already determined that claims similar to Applicant's 
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claims 25-29 were allowable and fulfilled the enablement requirement. See Ex parte 
William D. Griffith, Appeal No. 2004-1968; Ex parte Frances L. Garing, Appeal No. 
2004-2343; and Ex parte Thomas 5. Carlson, Appeal No. 2004-2317. 

Applicant asserts that the Examiner improperly included the rejection of claims 
25-30 in the rejection of the hybrid claims. Claims 25-30 are method claims directed 
towards producing a maize plant using the plant of claim 1 1 and are not directed towards 
hybrid maize plants as the Examiner implies. As discussed supra, claim 11, which is not 
rejected by the Examiner, is enabled. The Examiner has provided no reason as to why 
claims 25-30, which depend from claim 1 1, are not as well. 

PH5DR represents a novel starting material used in a conventional process. 
These methods are clearly described in the claims and in the Specification, and involve 
standard plant breeding techniques well known to one of ordinary skill in the art of plant 
breeding. Through the deposit of PH5DR and description of the steps in claims 25-29, 
one of ordinary skill in the art would well know how to make and use the invention as 
claimed, and would be greatly advantaged to use PH5DR as starting material in a plant 
breeding program intended to develop lines with the phenotypic advantages of PH5DR 
disclosed in the Specification. Claims 25-29 are therefore fully enabled. In re Wands, 
858 F.2d at 737, 8 U.S.P.Q.2d at 1404. 
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3. Conclusion as to Enablement 

Applicant has fully enabled others to produce Fl hybrids from inbred maize line 
PH5DR. Applicant has deposited seed of PH5DR with a public depository, the ATCC. 
The Specification and the cited scientific literature teach that backcrossing a transgene or 
other single gene trait into an inbred line is routine. Furthermore, Applicant teaches in 
the Specification, and one skilled in the art would know, how to use novel inbred line 
PH5DR in a maize plant breeding program. 

Upon the expiration of the patent, PH5DR will be available to the public to use 
directly to produce Fl hybrids, to produce transgenic and other single gene conversions, 
and to use as breeding material to make progeny lines. The public will obtain the benefit 
of the invention within the scope claimed, and the quid pro quo for patent protection will 
have been satisfied. Applicant has thus fully satisfied the legal standards for enablement, 
and respectfully requests that the Examiner's rejection under 35 U.S.C. § 112, First 
Paragraph be reversed. 
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For the above-stated reasons, it is submitted that the claims are in condition for 



allowance. The decision of the Examiner, therefore, should be reversed and the case 



allowed. 



Enclosed herein please find the appeal brief and required fee of $500. If this 



amount is not correct, please consider this a request to debit or credit Deposit Account 



No. 26-0084 accordingly. 



Respectfully submitted, 



Steven J. Callistein, Reg. No. 43,525 

Cassie J. Prochaska, Reg. No. 56,434 

PIONEER HI-BRED INTERNATIONAL, INC. 

801 Grand Avenue, Suite 3200 

Des Moines, Iowa 50309-2721 

Phone No. (515)288-3667 

Fax No. (515)288-1338 



Heidi S. Nebel, Reg. No. 37, 719 
Lila A.T. Akrad, Reg. No. 52,550 
Robert A. Hodgson, Reg. No. 56,375 
McKEE, VOORHEES & SEASE, P.L.C. 
801 Grand Avenue, Suite 3200 
Des Moines, Iowa 50309-2721 
Phone No. (515)288-3667 
Fax No. (515)288-1338 
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VIII. CLAIMS APPENDIX 



Claim 1: A seed comprising at least one set of the chromosomes of maize inbred 
line PH5DR, representative seed of said line having been deposited under ATCC 
Accession No. PTA-4525. 

Claim 2: A maize plant produced by growing the seed of claim 1. 

Claim 3: A maize plant part of the maize plant of claim 2. 

Claim 4: An Fl hybrid maize seed produced by crossing a plant of maize inbred 
line designated PH5DR, representative seed of said line having been deposited under 
ATCC Accession No. PTA-4525, with a different maize plant and harvesting the 
resultant Fl hybrid maize seed, wherein said Fl hybrid maize seed comprises two sets of 
chromosomes and one set of the chromosomes is the same as maize inbred line PH5DR. 

Claim 5: A maize plant produced by growing the Fl hybrid maize seed of claim 4. 

Claim 6: A maize plant part of the maize plant of claim 5. 

Claim 7: An Fl hybrid maize seed comprising an inbred maize plant cell of inbred 
maize line PH5DR, representative seed of said line having been deposited under ATCC 
Accession No. PTA-4525. 

Claim 8: A maize plant produced by growing the Fl hybrid maize seed of claim 7. 

Claim 9: The Fl hybrid maize seed of claim 7 wherein the inbred maize plant cell 
comprises two sets of chromosomes of maize inbred line PH5DR. 

Claim 10: A maize plant produced by growing the Fl hybrid maize seed of claim 9. 
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Claim 11: A maize plant having all the physiological and morphological 
characteristics of inbred line PH5DR, wherein a sample of the seed of inbred line PH5DR 
was deposited under ATCC Accession Number PTA-4525. 

Claim 12: A process of producing maize seed, comprising crossing a first parent 
maize plant with a second parent maize plant, wherein one or both of the first or the 
second parent maize plants is the plant of claim 11, wherein seed is allowed to form. 

Claim 13: The maize seed produced by the process of claim 12. 

Claim 14: The maize seed of claim 13, wherein the maize seed is hybrid seed. 

Claim 15: A hybrid maize plant, or its parts, produced by growing said hybrid seed 
of 14. 

Claim 16: A maize seed produced by growing said maize plant of claim 15 and 
harvesting the resultant maize seed. 

Claim 17: A cell of the maize plant of claim 11. 

Claim 18: A seed comprising the cell of claim 17. 

Claim 19: The maize plant of claim 11, further defined as having a genome 
comprising a single gene conversion. 

Claim 20: The maize plant of claim 19, wherein the single gene was stably inserted 
into a maize genome by transformation. 

Claim 21: The maize plant of claim 19, wherein the gene is selected from the group 
consisting of a dominant allele and a recessive allele. 
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Claim 22: The maize plant of claim 19, wherein the gene confers a trait selected from 
the group consisting of herbicide tolerance; insect resistance; resistance to bacterial, 
fungal, or viral disease; yield enhancement; waxy starch; improved nutritional quality; 
male sterility and restoration of male fertility. 

Claim 23: The maize plant of claim 11, wherein said plant is further defined as 
comprising a gene conferring male sterility. 

Claim 24: The maize plant of claim 11, wherein said plant is further defined as 
comprising a transgene conferring a trait selected from the group consisting of male 
sterility, herbicide resistance, insect resistance, and disease resistance. 



Claim 25: A method of producing a maize plant derived from the inbred line 
PH5DR, the method comprising the steps of: 

(a) growing a progeny plant produced by crossing the plant of claim 1 1 
with a second maize plant; 

(b) crossing the progeny plant with itself or a different plant to produce 
a seed of a progeny plant of a subsequent generation; 

(c) growing a progeny plant of a subsequent generation from said seed 
and crossing the progeny plant of a subsequent generation with itself or a 
different plant; and 

(d) repeating steps (b) and (c) for an additional 0-5 generations to produce a 
maize plant derived from the inbred line PH5DR. 



Claim 26: The method of claim 25, wherein the maize plant derived from the inbred 
line PH5DR is an inbred maize plant. 

Claim 27: The method of claim 26, further comprising the step of crossing the inbred 
maize plant derived from the inbred line PH5DR with a second, distinct inbred maize 
plant to produce an Fl hybrid maize plant. 
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Claim 28: A method for developing a maize plant in a maize plant breeding program 
using plant breeding techniques comprising employing a maize plant, or its parts, as a 
source of plant breeding material comprising using the maize plant of claim 11, or parts 
thereof, as a source of said breeding material. 

Claim 29: The method for developing a maize plant in a maize plant breeding 
program of 28 wherein plant breeding techniques are selected from the group consisting 
of recurrent selection, backcrossing, pedigree breeding, restriction fragment length 
polymorphism enhanced selection, genetic marker enhanced selection, and 
transformation. 

Claim 30: The method of claim 29 wherein the plant breeding program technique 
comprises the steps of: 

(a) obtaining the molecular marker profile of maize inbred line PH5DR; 

(b) obtaining an Fl hybrid seed for which maize inbred line PH5DR is a 
parent; 

(c) inducing doubled haploidy of the Fl hybrid seed to creat progeny without 
the occurrence of meiotic segregation; and 

(d) selecting progeny that retain the molecular marker profile of PH5DR. 
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IX. EVIDENCE APPENDIX 

Only evidence of record has been relied upon in this appeal. 

Exhibit 1: Printed pages from the following web address: http://www.uni- 
hohenheim.de/%7Eipspwww/350b/indexe. html#Project3 

First cited by Applicant in December 19, 2005 Amendment After Final, p. 7. The 
Amendment After Final was entered by the Examiner in the February 2, 2006 Advisory 
Action. 
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Application of the m-v/Vo-haploid induction in hybrid maize breeding 



Present Research Projects in the Department of Population Genetics Pa S e J ot " U 

1 . Reproductive and genetic investigations on /n-wVo-haploid induction in maize (Zea mays L.) 

Contact person: . 
Prof. Dr. H.H. Geiger (gpigerhh @ uni-hohenheim.de) 




The interest in haploid/double haploid (H/[ 
techniques has enormously increased in the I 
years. The introduction of H/DH-techniques i 
maize breeding programs traces back to the 5' 
Shortly after the first reports of the spontane< 
occurrence of H/DH-plants in maize, scientists < 
breeders started to discuss the application of si 
homozygous plants in breeding programs and tl 
commercial use. By means of the developmen 
inductors and a method for artificial doubling of 
chromosome set, the H/DH-thechnique has b< 
developed in the past years until such an extent 1 
it is beeing used as a matter of routine by m; 
breeders. 



OH-Line In generation D, 




After pollination with an inducer plant, kernels 
with H-embryo of maternal origin with triploid 
endosperm arise, together with regularly 



http://www.uni-hohenheim.de/%7Eipspwww/350b/indexc. 



12/19/2005 



Present Research Projects in the Department of Population Genetics 

double fertilized kernels. Chromosome 
elimination and parthenogenesis are 
considered to be the possible biologica 
mechanisms responsible for the occurrence of 
H-plants. However, chromosome elimination 
and parthenogenesis exclude each other per 
definition. Therefore, we chose the neutral 
term /n-wVo-haploid induction for the 
phenomenon menitoned. 



Page 4 ot 20 







haploid or 
outcross double haploid 




The aim of our work was to develop a novel indu 
line with an increased induction rate. The r 
inducer line RWS developed, displayes both 
advantage of a high induction rate and 
combination of two dominant identification mark* 
a red stem, and an embryo and endospc 
coloration. Inducer RWS enables the breeder to i 
/n-v/Vo-haploid induction as an effective tool for 
development of H/DH-plants with almost i 
genetic background. The method is less effec 
with donor genotypes, carrying the ab< 
mentioned identification markers or anthozya 
inhibitor-genes themselves. 

The spontaneous doubling rate in maize ranj 
from 1-10 %. Therefore an artificial chromosor 
doubling method to increase the number of fei 
DH-plants is essential. The artificial chromosor 
doubling method, using colchicine as doubl 
agent, facilitates an effective development of I 
lines. 



Inductor RWS 



http://www.uni-hohenhcim.de/%7Eipspwww/350b/indexc.html 



12/19/2005 




Identification of H/DH-plants based on lacking 
coloration 



H/DH 



Exhibit 2: Diagram prepared by Applicant 

First cited by Applicant in June 6, 2005 Amendment, p. 6. The Examiner's 
October 17, 2005 Office Action was entered in response to this Amendment. 
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Exhibit 3: Diagram prepared by Applicant 

First cited by Applicant in June 6, 2005 Amendment, p. 6. The Examiner's 
October 17, 2005 Office Action was entered in response to this Amendment. 
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Exhibit 4: Diagram prepared by Applicant 

First cited by Applicant in June 6, 2005 Amendment, p. 6. The Examiner's 
October 17, 2005 Office Action was entered in response to this Amendment. 
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Exhibit 5: Wych (1988) Production of Hybrid Seed, Corn and Corn Improvement, Ch. 9, 
pp. 585-586 

Included in the Information Disclosure Statement filed by Applicant in the present 
case. First cited by Applicant in April 22, 2003 Amendment, p. 14 in the parent 
application, 09/760,156, issued as U.S. Patent No. 6,727,413. The Examinees June 30, 
2003 Office Action as entered in response to the Amendment. 
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9 Production of Hybrid Seed Corn 

ROBERT D. WYCH 

Pioneer Hi-Bred International, Inc. 
Johnston, Iowa 



The objective of this chapter is to present a current, state-of-the-art de- 
scription of seed corn (Zea mays L.) production as it is commercially, 
practiced in the late 1980s. The chapter draws heavily on the treatment 
by Craig (1977), but will highlight changes in the industry and in tech- 
nology since that chapter was written. 



9-1 HISTORICAL PERSPECTIVE 

The first commercial hybrids were produced and sold in the early 
1920s. From that modest beginning our present-day sophisticated hybrid 
seed corn industry has developed. Crabb (1947) described the first pro- 
duction of hybrid seed corn in Iowa: 

"The first contract ever drawn for the production of seed for hybrid 
corn gave [George] Kurtzweil the exclusive right for all time to produce 
the Copper Cross hybrid, a contract which, although it hasn't been exercised 
for a good many years, is still one of Kurtzweil's most prized possessions.*' 
"(Henry A.] Wallace said he had foundation inbred material to plant 
a one-acre seed plot, and the decision was made to produce the first com- 
mercial hybrid seed corn ever grown in Iowa . . . Wallace turned the seed 
over to Kurtzweil [in 1923]. The old East Learning inbred was used for the 
seed parent, and the meager supply of the Bloody Butcher line was used as 
the pollinator parent Only by very sparse and careful planting was Kurtz- 
weil able to plant the plot that measured almost one acre on a small farm 
owned by Kurtzweil's father, Mathias Kurtzweil, at Altoona, just east of 

Des Moines .. .** , . ' . " . 

"The first detasseling of commercial hybrid seed com m Iowa was done 
entirely by a woman, Ruth Kurtzweil, a sister of George . . . From the time 
the first tassels of the parent plants began to appear on the Learning inbred, 
Miss Kurtzweil went up and down, pulling them out Few fields of hybrid 
seed corn since have been detasseled with such care and interest Now that 
producing hybrid seed corn has become such a tremendous enterprise, Miss 
Kurtzweil delights in calling her friends' attention to the fact that she once 
detasseled all the hybrid seed corn production fields in the State of Iowa." 

"Copper Cross earned another distinction in 1.924 when it became the 
first hybrid developed in the corn belt to be purchased by farmers of Iowa 
and elsewhere. Approximately fifteen bushels-all that was available of Cop- 



Copyright 1988 © ASA-CSSA-SSSA, 677 South Segoe Road, Madison, WI 53711, USA. 
Corn and Corn Improvement-kgconomy Monograph no. 1 8, 3rd edition. 
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per Cross seed-was sold in the spring of 1 924 at the price of $ 1.00 a pound, 

or at the rate of $56.00 a bushel." 
The first hybrids to be developed were adapted primarily to the cen- 
tral Corn Belt; these were accepted slowly, and by 1933 1 approximately 
1% of the Corn Belt corn acreage was planted with hybrid seed (Airy, 
1955) Because of the superior performance /of hybrids m the severe 
droughts of 1934 and 1936, fanners rapidly began accepting, and then 

demanding, hybrid seed- . . . 

TherSid acceptance by U.S. farmers of hybrid corn varieties in the 
1930sand 1 940s provided the basis on which many firms and^ individuals 
established themselves in a new and ^J™^^^^™ 
time, only a few firms had been engaged in the hybrid seed corn business. 
Development of new hybrids adapted to virtually every corn-growing 
area of the USA and Canada helped to establish profitable corn produc- 
tion on hundreds of thousands of hectares outside the Com Belt, where 
profitable corn production had previously been impossible on a com- 
mercial scale. 

\ 

9-2 SIZE OF THE INDUSTRY 

Since 1900, the area in the USA planted to corn has medta a 
high of 47 million ha (116 million acres) in 1917 to a low of 24.4 million 
ha (60.2 million acres) in 1983 [the year of the federal government s 
payment-in-kind (PIK) program]. Excluding 1983, the area planted to 
com between 1975 and 1985 averaged 33.4 million ha (82.5 m Jlion acres). 

Planting rates vary considerably according to soil fertility levels, rain- 
fall and irrigation availability, planting date, intended use (e.g grain vs. 
silage), local custom, and finally, adaptation of specific hybrids to high 
populations. Assuming that a seed com °W k ™*l^ 
Plant 1.4 ha (3.4 acres), it is estimated that a mimmum of 24.5 million 
unks of hybrid seed were required to plant the 1985" U.S. crop. At an 
estimated average retail price of $65/unit, ^^^^^^^^f ^5^. 
industry has grown to a.gross annual sales volume of $1.59 billion. Sales 
in other countries add to the total market 

9-3 TYPES OF HYBRIDS 

The first hybrids produced and sold commercially were almost ex- 
clusively double crosses. However, several factors conttibuted to a sig- 
nificant transition from double crosses to single crosses within the U .S. 
Com Belt, starting in the late 1950s and ^^^^^J^^ 
The transition to single crosses occurred because: (i) single crosses out- 
yielded double crosses; (ii) a few companies led the way and others joined 
them to be competitive; (iii) farmers began to demand single crosses; and 
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(iv) improved agronomic practices ^"Sto^^eedS 
i»breds P with higher per ^ ld Jj" s ^ri5 £ now comprise ap- ., 

%££^£t&£~* America (USA - 4 

^Modified ^^^f^^^t 
crosses for either the female or mal >*g**%^ 1970s . Three-way 
hybrid seed corn production in ™* parent) are also a 
crosses (single cross female P^?'J™S^^d three-way crosses 
factorintheindustry .Today .f^^S^XtTOlle doubter 
account for about 1™ ot f°J*^ market, their impor- 

cross hybrids ™" °^ a ^^ 0 *£del B is estimated that they 

9-4 SEED CORN COMPANIES 

sronTa sS^sx^Misr-^ 

usually depend on inbred and hybrid d^elopme m ^ 
duct ed by public institutions .or on £at ^^^s^oier companies 
produce and sell parent seed (^^M^^ of hybrid seed, 
usually purchase foundation seed, prod uce tneu- suppu 

Td then sell it directly ^^^J^^ch and develop- 
Large company \^^ZS^^d stocks, produce the 
ment programs prortice tor t ™?^" their own sa ies organizations, 
commercial seed, and distnbute rt throng meu companies to 

The majority rf^^X^SU* It is customary 
farmer dealers, who, in turn, ^ l ^ ^ nsienme nt basis, and to accept 
in the industry to deliver to dealers on a consi^m^t ^ f ^ 

as "returns" seed that ^^^^r^roach is used, with 
planting season. A! te ™ auV ^ it is sold to the 

oTre^ea^^ 

atively low sales volume. . ~ b . pack a ge s. In the 

■S^^ CTtf i- Sis so* in 
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market share of 36%, while the industry's seven largest companies have 
in total an estimated 64% share of the U.S. hybrid seed corn market (J. 
Ansorge, 1987, personal communication). 

9-5 PRODUCTION OF PARENT SEED STOCKS 

Large quantities of parent seed stocks (foundation seed) are required 
annually to plant the several hundred thousand hectares of commercial 
hybrid seed corn production. Most larger companies have parent seed or 
foundation seed departments responsible for the production 'and inven- 
tory of inbred and single cross parents needed for commercial seed pro- 
duction. In recent years, many seed companies have devoted increasing 
attention to developing more effective techniques and procedures to as- 
. sure adequate supplies of high-quality, genetically pure stocks. 

Seed corn companies must forecast future commercial seed sales and 
seed production plans to ensure availability of adequate parent seed sup- 
plies. Since most seed companies produce and sell many different hybrids, 
the number and supply of different parent seed strains that must be 
maintained for commercial seed production requirements is often quite 
large. 

9-5.1 Foundation Seed Stock Increase 

Foundation seed stock increase involves the maintenance and in- 
crease of inbred lines and single cross parent seed used to produce com- 
mercial hybrids. Inbreds are the basic foundation seed used in hybrid 
seed corn production. Inbreds must therefore be maintained and in- 
creased under rigid control to ensure satisfactory final product perform- 
ance. Although procedures employed may vary among organizations, at 
least three important steps are usually taken: (i) establishing and main- 
taining a supply of breeder seed; (ii) increasing inbred seed; and (iii) 
producing related-line and/or unrelated-line single cross parent seed. 

Breeder seed is usually derived from bulked, self-pollinated seed at 
the F 8 to F, 0 generation of inbreeding. The breeder has the responsibility 
of ensuring that the inbred is homozygous, uniform for plant type, and 
adequately represents the genetic constitution of the inbredl All inbred 
increases are made from this base population of breeder seed. Some com- 
panies have established separate programs to maintain supplies of breeder 
seed. Increases are produced in well-isolated blocks by natural random 
sib mating. In turn, this initial inbred increase is used to plant subsequent 
inbred seed increases and production of single-cross parents. 

Both types of increase are made under stringent isolation. Procedures 
and standards developed by certification agencies (Hutchcroft, 1957; 
Cowan, 1972) indicate the importance of minimum isolation distances. 
Commercial companies certify all foundation seed that will be exported. 
Much of the parent seed for domestic use is not certified, but guidelines 
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developed over the years generally exceed, or at least equal, those of 
certification agencies. 

Foundation seed fields are planned with isolation of 201 m (660 ft) 
as the base distance from other corn. Early studies by Jones and Brooks 
(1950, 1952) showed that: (i) the greatest contamination occurs in the 50 
to 75 m (165-248 ft) nearest contaminating corn; (ii) pollen from border 
rows dilutes contamination; (iii) natural barriers may reduce contami- 
nation; (iv) an abundant supply of male corn pollen at the right time 
reduces contamination; (v) the direction of a field from contaminating 
pollen influences the amount of contamination; and (yi) "depth of field*' 
in the direction of contamination source is important Certification re- 
quirements in most states allow for substitution of additional male border 
rows for some portion of the 201-m isolation distance, but neither natural 
barriers nor time isolation are allowed, to substitute for the required dis- 
tances. 

9-5.2 Procedures and Techniques 

Generally, the equipment and procedures used in planting, detassel- 
ing, harvesting, drying, and conditioning of parent seed increases are 
similar to those used in commercial hybrid seed production. Some steps 
are applied more rigorously to ensure maximum genetic purity. 

Variability among individual plants within the inbred population will, 
sometimes occur: These off-types must be identified and removed (rogued) 
to avoid perpetuation of this variability from generation to generation. 
Careful plant removal (rogueing) must be practiced throughout the grow- 
ing season to eliminate individual plants that exhibit phenotypes varying 
from the accepted phenotype of the inbred. As much rogueing as possible 
should occur prior to pollination to eliminate outcrossing resulting from 
pollen supplied by undesirable plants. Parent seed is usually harvested 
on the ear, allowing further selection (i.e., removal of off-type ears) to be 
practiced on the sorting table prior to drying and shelling (see section 
9-9). 

9-5.3 Quality Control 

Rigid requirements must be used to maintain genetic purity at max- 
imum levels. Genetic purity of parent seed not only helps ensure pure 
commercial hybrid seed but also, reduces cost associated with rogueing 
commercial seed production fields and ear sorting at harvest Parent seed 
is usually sized just as commercial seed corn. When genetic impurities 
occur, particularly those caused by outcrosses, they are often concentrated 
in specific kernel sizes, especially the large round kernels. As a result 
certain kernel sizes within a specific lot may have uhacceptably high levels 
of impurities, while other sizes in the same lot are acceptable. Careful 
selection of kernel sizes with the highest genetic purity can lead to im- 
proved purity of commercial seed corn. 
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Until relatively recently, the conventional approach to monitoring 
purity has been field "growouts". Growouts of a shelled corn composite 
of each seed lot from summer increase are often planted during the sub- 
sequent ^nter season to estimate genetic purity prior to use I* . many 
caL more extensive growouts, sampling each kernel size in the > £ are 
conducted in the following summer growing season to obtain additional 
Sore precise estimates of purity by kernel size. The accuracy of field 
growouts depends on: (i) securing a representative sample of the entire 
SdSt (S) a clean, uniform field to minimize volunteer corn and var- 
SSonb SantSt; (Ui) favorable growing conditions; and (iv) knowl- 
^bkpeKonnelwhoarefainm 

phenotypes to score or "read" the growout . . 
P - Growouts are usually made in anarea where the crop can be grown 
in the fell and winter months. Florida, Hawau, Argentina, and Chile are 
mo^n^sedbru.S. seedsmen. Despite the use of wintei -growouts 
r^esflocations, it is difficult to obtain results early enough to make 
clSSveTdecis ons on specific seed lots before the seed must be con- 
dtlSneo! bagged, and distributed. This is one of the factors ; that has led 
to increased reUance on electrophoresis results by some companies. 

sSgel electrophoresis (Cardy et al., 1980; Smith and Weissmger 
1984) is a recently developed technology that provides an additional 
means of purity analysis. The advantages of this technique include pre- 
dsTon rap^relative to field growouts, absence o ^environmental ^ in- 
fluence on expression of genetically controUed characters, and the > poten- 
Sal to make purity checks on developing embryonic samples coUected 
prior to harvest (Smith and Wych, 1986). The disadvantages of this tech- 
Sque are the initial costs of the specialized equipment required and the 
costoflaboratory operation, or the relatively high cost Persamptech^ed 
by commercial laboratories, if this alternative is chosen. Smith and Wych 
KStermined that the costs per seed lot for estimating percentage 
of female selfs by electrophoresis vs. gro wouts were approximately equiv- 
alent if both procedures were done in-house. However, if analysis for 
outcrosses is also conducted, the costs for elcctiophoresis ^ay ^ sorne- 
what higher than for estimation of selfs, only, due to the need to prepare 
and s^ more gel sUces. The urgency of the need for the punty : infor- 
mation must be balanced against the comparative ^costs. .... 

Seedsmen need to be aware that both growouts and electrophoresis 
provide useful information only to the extent that the samples are rep- 
resentative of a seed lot and adequate in size. The number and size of 
samples must be sufficient to provide an adequate measure of the vari- 
ation within the seed lot being sampled. • . . . , 

Both growouts and electrophoresis can be used to identify accidental 
mechanical mixtures or mislabeling of foundation seed, which may occur 
at any point in production, conditioning, and inventory .For tms appli- 
cation, electrophoresis has the same advantages and disadvantages men- 
tioned above. 
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S in more detail later in the chapter (see section 9-1 1). 
9-5.4 Storage and Inventory Control 
'■ U» inventories 

inventory suppUe S ,^ne^cp^,and^rt^au ^ 
^Sn'^SSWty (see *c«ion 9-12 for greater de«ad). 
9-6 PRODUCTION OF COMMERCIAL HYBRID SEED 

as those used to grow a ^^^SZTS are deter- 
additional requirements unique to seed ^ du ^°£ e £ r ^ ls based on 

knowledee, and production technology to ensure . . • --v. 

"mete used in production fields are planned to tmnimize risks 

while maximizing yield and seed quality. 

Q-61 Selection of Production Areas and Contract Growers 

Success*, commerd^^ 
. lection of a growing area g^ZZ^ see d Corn industry 

cooperation withthe ^Sg^^^^'*^**^ 
^f^mX^So^ormTcZlelt and tacreased technical 
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of high fertility with good weed control. Tillage and cultural practices 
must be in line with approved hybrid corn production practices. Good 
soil structure and tilth are important in order to avoid the adverse effects 
of poor drainage and crusting on inbred stands. Since approximately 90 
to 95% of the seed acreage will be devoted to inbred or related-line single 
cross parents, seed corn growers who will give special attention to man r 
agement of insect and disease pests, weed competition, and fertility are 
needed 

Contract growers must be willing to cooperate with seed companies 
to alter their cultural practices and/or timing, rate, and kind of herbicides, 
insecticides, or fungicides. Equipment modifications are often necessary. 
In some areas, the seed company furnishes equipment on a lease oriental 
basis to the growers. In other cases, growers may cooperate in the purchase 
and sharing of various specialized pieces of equipment such as unit plant- 
ers and detasseling and harvesting equipment. 

9-6.2 Contracts 

With the advent of single-cross hybrid seed production, contract 
growers were not content to assume the greater risks associated with 
inbred parents. As a result, base guarantees are made that involve pay- 
ment, up to a predesignated yield level, for complete failure of the seed 
crop. Incentive payments are often based on published futures or cash 
market prices at a specified time and place. In some instances, contracts 
are based on government based yield calculations of locally measured 
commercial hybrid corn yield checks. 

Usually, the type of contract used, base guarantees, and multiplier 
factors are based upon .anticipated yield levels and degree of difficulty 
encountered in the production of each individual hybrid. Factors such 
as fertility, herbicide or insecticide costs, seedbed preparation for split- 
date plantings, volunteer removal, and harvesting are items for consid- 
eration within the contract There are considerable variations in contracts 
among companies. . 

.9-63 Management of the Production Area 

The management staff at a production plant are responsible for all 
aspects of production. They are assisted by trained supervisory help, 
especially during planting, detasseling, and harvesting periods. An area 
of 4000 to 6000 ha (10 000-1 5 000 acres) of seed production responsibility 
is fairly typical for a production plant manager and his/her staff! Within 
this acreage, regional (or area) supervisors are charged with responsibility 
for 400 to 800 ha (1000-2000 acres). During detasseling, additional su- 
pervisory help may be employed as crew foremen,, field foremen, and 
inspectors. The demand for additional supervisors during the summer 
months offers opportunities to utilize agriculture and science teachers, 



PRODUCTION OF HYBRID SEED CORN 

principals, and other professionally trained personnel during their sohoo. 

^mS^on is essential for production ™ 
supervisors to be effective ^"-^ Sseling, it is 

<» Band 

radios, and FM two-way radios. 

9-6.4 Isolation of Scied Fields 

Elation is intended to assure ^tWhyWd ^ ^en^ t 

a high degree of ^^^^^T^ottSut starts 

the best isolation is a perfect ^7^, to emerge beyond the 

shedding just before ^ fe ^S^.^^Zageml n t personnel 

husk or tip of the ear *°^^™'J££ (Establish the location 
must work vrith each mdtv^ wnwct^ to« ^ 

and boundaries of each seed fidd » ^ of com following 

requirements. Preference is ^^'° r Xn following corn), because 
soybean [G/ycme max (L.) yjdd is higher, 

volunteer com problems are avoided and seed con ^ 

been estabUshed (Monymous 197 l)for or one male borde r 

theless,somevar«nonexisKtunong«a^ wn 2Q1 m(410 -660 

row is present, mimmum distances ranging no bein 
ft) are Wically required between *e femal ^rent o tnjr. ^ ^ 
produced and any other con. of ™^ s ^ a requir ^ wh ere possible 
oosperm type. ^ 0 \^A^Lv^do^t or endosperm type, 
contaminant corn may ^ ve .^" t n ™!f Xre contaminating com 
Additional distance is ^ etaaes „ emp ^ ; Z ability (such as tropical 
may be of deddedly different 
hybrids), and where wind velocities may be tugn, sucn 

areas near large bodies of water. ^ ^ mod ified by: (i) 

Minimum^solatton ^tan« ^;S e TMd1ndproductionblo<*; 
additioi^tederrows Pg^M^^^ dates (in 

from other than the male parent JJ» receptive silks on 

To optimize genetic purity a ^ el ^Jf^nt is required. Dif- 
the female parent and pollen ^she by the ^ ^^ cMe ve this, 
ferential planting dates of ^^^XnSi, and some com- 
Abundant amounts of male pollen ^are **°vbd* increase 
panies utilize high population density m the male parem ro 



pollen load. 



574 



WYCH 




Fig. 9-1. A commercial hybrid seed production field showing additional male parent border 
rows for the purpose of providing pollen saturation adequate to ensure genetic purity of 
the hybrid seed. The strip of soybeans on the left provides the required isolation distance. 



9-7 PLANTING THE SEED FIELD 

9-7.1 Planting Date 

The minimum soil temperature for growth of corn is generally re- 
garded as ;0 °C (50 °F). Most agronomists would also agree that the 
optimum time for planting corn is as soon as the soil temperature at the 
5-cm depth reaches that temperature for a relatively sustained period of 
time. Soil moisture and potential for compaction must also be taken into 
account. Numerous studies indicating the advantages of early planting 
upon yield were reviewed by Craig (1977). More recent work is sum- 
marized by Hick&and Wright (1937) and Johnson and Mulvaney (1 980). 

9-7.i f Fertility 

In general, inbreds have poorer rooting ability than hybrids, and may 
therefore be more vulnerable to nutrient deficiencies and imbalances. In 
the past, it has been the tendency of contract growers to overfertilize to 
protect against possible fertility deficiencies, while at the same time striv- 
ing Tor a balanced fertility program. Decreases in commodity prices (upon 
which contract payments are based) and hence economic pressures on 
seed growers, as well as growing concern about groundwater contami- 
nation, suggest the need for a closer examination of fertilizer recom- 
mendations. Contract growers are encouraged to use soil tests regularly 
and to apply nutrients only as, necessary to maintain fertility levels. 
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9-7.3 Herbicides, Insecticides, and Fungicides 

Control of weeds, insects, and diseases within the seed field have 
become an integral and necessary part of seed production. Since inbreds 
and related-line parents are less competitive than hybrid corn with broad- 
leaf weeds and grasses, seed growers rely heavily on herbicides for effec- 
tive weed control Production personnel work with the grower to develop 
a weed control program that takes into account specific weed problems, 
crop rotation, soil type and organic matter, equipment, and the specific 
parents involved with the hybrid to be produced. 

Insecticides for the control of above and below ground insects are 
generally a must Most companies have formulated programs that protect 
against insect damage to stands, the growing plant, and the female parent 
ear In recent years, some seed companies have begun to rely heavily on 
IPM (integrated pest management) principles and scouting of seed fields 
to determine if and when insecticide application is justified. Selection of 
the insecticide to use will depend upon: the specificinsect to be controlled, 
efficacy of alternative insecticides, the level of infestation, the develop- 
ment stage of the seed crop, safety considerations,,and the reentry period. 

Fungicides have also become a regular part of the production program 
for protection of the more susceptible parent lines to damaging fungal- 
diseases. Genetic resistance to disease is preferred, but chemical protec- 
tion is often needed when resistance is not adequate in the parent line. 
Spray programs have been effective in reducing damage from foliar dis- 
ease on the more susceptible lines. Monitoring the crop for disease de- 
velopment is beneficial in making timely applications of chemicals. Fun- 
gicides are widely used as seed treatments to give protection against seed 
and seedling diseases (Shurtleff, 1980). 

9-7.4 Plant Density 

Plant density within the seed field is planned to produce maximum 
yields of high purity seed of saleable kerneLsize. Upper limits may be 
imposed by the pWcular germ plasm being used, the average rainfall 
pattern or irrigation availability in the production area, and local labor 
supply for detasseling! Many investigators have studied plant density 
effects on yield of hybrid corn (Craig, 1977; Johnson and Mulyaney, 
1980). Fewer published studies of inbred response to plant density are 
available. Some seed companies conduct plant density trials with the 
female parents they are using in seed production. They evaluate the yield 
and kernel sizeout responses of those inbreds to increasing plant density. 
Plant densities in current use in seed fields typically range from 54 000 
to 64 000 plants per ha (22 000-26 000 plants per acre) for inbred female 
parents, and often exceed that level for male parents, especially with 
inbred males that shed a limited amount of pollen. 
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9-7.5 Planting Patterns 

Common planting patterns in seed production fields today include 
4:1 (fours rows of female parent to one row of male parent) (Fig. 9-2), 
4:2, 4: 1:4:2, 6:2, and solid female with interplanted male. In the first three 
patterns, the female parent is never more than two rows from the male 
parent One-half of the female parent rows ate adjacent to a male parent 
in the 4:1 and 4:2 patterns, and two-thirds of the female parent rows are 
adjacent to a male parent in the 4:1:2:1 pattern. These contrast with the 
formerly conventional 6:2 pattern that was commonly used for produc- 
tion of double-cross hybrids. The 6:2 pattern is still used to produce some 
single crosses, but its use is generally restricted to male parents mat shed 
an abundant supply of pollen. . .... _ • " 

Occasionally solid planting of the female parent m 96.5 to 101.6 cm 
(38-40 in.) rows is utilized with either every other or every fourth be- 
tween-row space being interplanted with the male parent This accom- 
plishes two purposes: (i) full utilization of land area for female parent 
production; and (ii) placement of the male parent closer to the female 
parent rows. In stress environments, interplanting may lead to yield and 
quality problems. Solid plantings are typically hmited to female parents 
not so aggressive as to overshadow the male parent and thereby delay 
pollen shed, and to reasonably short male delays. Also, it is advisable to 
restrict this practice to male parents of sufficient stalk and root strength 
to avoid stalk and root lodging, which would make it difficult to detassel 
the female parent or remove the male parent as soon as pollination is 
complete. 

It is a practice of many seed companies to destroy the male parent 
by cutting or running it down (if it is brittle enough to break) after pol- 
lination is complete. Competition with' the developing female parent for 
nutrients or available soil moisture should, in theory, be minimized and 
increased kernel size and/or seed yield may result Production research 
conducted by the author's company has shown mixed results on kernel 
size and yield responses. Characteristics of the female and male.parents 
involved and soil moisture availability after pollination are important 
factors contributing to the response observed. Destroying the male parent 
at this stage prevents grain formation in the male rows and eliminates 
the risk of seed contanunation at harvest 

9-7.6 Parent Delay Techniques 

Shoultz (1985) summarized the results of a recent survey of the seed 
corn industry's use of various parent delay techniques. Split-date planting 
of parents, the planting of the female and male parents on different dates, 
is used so that the two parents "nick", or reach the flowering stage con- 
currently (Fig. 9-3). This has been and continues to be the most popular 
method of making large alterations in flowering date, so that parents of 
differing maturities are brought together for a timely nick. 
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Kg. 9-2. {Top) A 
with four detasseled 




o»n& hybrid ^^S^mS- (Bottom) Aerial view 
_ .w« ™— ^Xfc^^£,*n^ Sa^ ?l row pattern shown after 
of a commercial hybrid seed production field ^^"^ fi^ 
detasseling. Note the border male rows on the left side 01 me 
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Fig. 9-3. SpUt-date planting of parents in a 6:2 row pattern. The female rows have emerged 
while the male rows are just being planted- 

Split-date plantings are made on the basis f^^^^ 
davs erowth stages, and/or heat units accumulated from the time the 
tot paSmwaTptoted (Shoultz, 1985). Most success has been realized 
bTa Smbmation of heat units and growth stage coupled witt «mm 
and good judgment Male parents are often planted with a double delay 
to extend the pollen shedding period. Plantings are timed so that peak 
poUen shed coincides with maximum female parent silk «P°sure. 

Other methods in common use for obtaining small adjustments to 
poUen sh^art® variable fertilizer rates-, (ii) ^^X^F™ 
between parents; and iii) cupping (Cloninger et at, 1 974) or flammgffow- 

1967) to reterd development These techniques can provide from 1 
o 4 d del^ay m^nWering, o? extend the duration of flowering by a, , many 
as 2 to 4 d (Shoultz, 1985). Clipping and flaming are rarely used todelay 
£ £nale ^ntXbecause bom techniques typically result, m reducrf 
seed S Clipping has been used effectively to save a crop when weather 
SrcdHfons have panted planting the delayed parent 
parent has already been planted. This has been parUcularir^rtant 
when it is too risky to replant the early parent because too few heat units 
Iroleft in the sSson or when a seed shortage exists for one or. both 
parents. 

9-8 POLLEN CONTROL 

Pollen control refers to the practices employed to ™f™*W™*™' 
lion by forced cross pollination between the female and male parents. 



579 

PRODUCTION OF HYBRID SEED CORN 

Pollen control in the hybrid seed corn ?*™f?^<*?™T*^ 
5 „. various methods of pollen control in seed fields have been utilized 

genetic purity. The two most — »^SS ^* 

currently in widespread use. 

9-8.1 Detasseling the Seed Field 

Detasseling currently represents the most widely used me * od f ^ 
len SnS^e&gLolves thephysica} removal o^e^se! torn 
Z female plant, either as a manual operation . 01 m »Mo^ «£h 

saS&sasssfflfirs: as* ■ 

1116 OeS'ourity of intended crosses is dependent on compliance with 

agencies, are employed: (;) the f « m *P^„f 2% shedding tassels for 
S^Ctopection: ^^^JS^ 

are counted as shedding when more than 5 cm (2 in.) 0t ^J™ * 

rpaS^nd^^fers ,o 

obr i-SSd=fe^ 

terpretmgnriesformed^ (2000 to 4000 gross 
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standards. If isolation, detasseling, or rogue removal standards are not 
met, inspectors report the details to plant management, so that a decision 
regarding corrective measures can be made. . 

9-8.2 Manual or Hand Detasseling 

Each year thousands of workers, usually teenage youth, are employed 
by seed companies to perform the hand {detasseling operation. This ac- 
tivity may last only 1 week, but may: continue up to 5 weeks or more 
depending upon the volume of production and spread in female parent 
maturities planted within a seed producrion iarea. Several factors influence 
the magnitude and complexity of this job: . . 

1. Tassels must be removed from all female plants in a timely manner, 
as previously discussed. 

2. When weather conditions favor rapid com growth* fields must be 
covered daily; this requires 7-d Workweeks, rain or shine. 

3. Some female parent plant types are easier to detassel than others. 

4. Female parents whose tassels begin shedding pollen before fully 
emerging from the upper leaves, or whicft silk at about the same 
time as pollen shed occurs, create difficult detasseling supervision, 
management, and purity problems. 

5. Weather conditions can greatly aid or complicate the detasseling 
season. A heavy rain or windstorm can lodge and tangle the female 
parent just as tassels emerge, making walking or driving through 
the field more difficult Extreme heat can affect both the efficiency 
of detasselers and the emergence of silks and tassels. 

Detasselers are usually organized into crews ranging from 6 up to 40 
or 50 workers. The crew supervisor is responsible for recruiting, trans r 
porting, training, managing, and controlling the detasselers in his crew. 
With larger crews, the supervisor will have one or more assistants (some- 
times called checkers) to help in crew training and managing the job to 
be done in the field There will customarily be one supervisor or checker 
for each 6 to 10 crew members. It is important that each crew member 
be trained in proper detasseling technique, to niinimize leaf damage and 
to ensure an effective detasseling job in each female parent row. The crew 
supervisor is also responsible for the safety arid comfort of the workers 
while in the field 

For more effective and efficient labor utilization, detasseling carts or 
personnel carriers (Fig. JM) are frequently used, especially for detasseling 
taller-growing inbreds or single-cross female parents. These carts' are mo- 
torized high-clearance machines equipped with platforms upon which the 
workers stand as they remove the tassels. The machines move slowly 
through the field, enabling the detasselers to look down into the plant 
canopy and remove the tassels more effectively and easily than if they 
were on foot Usually 12 detasselers will work from each machine; for 
maximum effectiveness it is therefore important that all detasselers on 
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late-emerging essels are removed. \ 

t. i« nften difficult or impossible to rise, 
each machine be equally stafleA It J*""^ ^,^5, and fhrf 
these macmnes immediately alter heavy ram 

detasselers must then proceed on 1 o™. ■ , etasselers f or a t least a part 

Some seed companies £mp! wgrt ^JSibloo" "gtee to de- 

of their seed production. With ™L m «™^ f " e paid to ,hem by the seed 

tassel specified field ^f^^teto^ hours as long as they 

company. The <» n ^°" ™5 J"1S S fo? Ziely removal of tassels, 
meet the company's ertabbAwl Stand* <to*?J™ ^ ^ to bring m a 

If they fail to do so, the seed ~ m P"^"K^tjai problem-causing 

crow or '^^^T^^SSS&V^ &om the 

toramextra income ^^■^^■V":^. : ."-:;.-.'-- ! 

9-83 Mechanical Detasseling 

mechanical detassete in the early W^Tgg^gga^ and work 

for manualdetasseling «^^£SUSSSU» 

to improveequipment for "g*^2JS£g^*3w«t^ 

Mechanical *^ le ".^'-fi^„ e iySdy fields. They faU 
machines capable of operating even in extremely muu , 

into two basic types: , ■ ■ / .hreds the top of 

1. Cutters-a rotating cutter blade or knife cuts or snreas tne top 
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Rg- 9-5. (Top) A "wheel puller" machine used for mechanical detasseling of the female 
rows in a seed production field. (Bottom) Close-up view of the wheels in action. 
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the corn plant, including the tassel; the blades operate at various 
planes, from horizontal to vertical, and are adjustable in height. 
2. Pullers— usually two counter-rotating wheels or rollers, adjustable 
in height, grasp the tassel and upper leaves and pull them upward 
in a manner approximating a hand detasseling operation. 
The efficiency of mechanical detasselers is affected by many variables 
in the seed field, such as female parent morphology (leaf and tassel ori- 
entation), uniformity of female parent plant height and development, 
and skill of the operator. Mechanical detasseling . produces best results 
when it is done in a uniform seed field in which the tassel is well exserted 
ahead of pollen shedding. As conditions become less favorable, percent- 
age of tassels removed per pass will decrease and leaf damage will in- 
crease. The typical objective in.the use of mechanical detasselers is to 
delay the operation as long as possible before silk emergence, to permit 
maximum exsertion of tassels, enabling their removal with minimum 
leaf damage. However, this delay increases the risk of leaving "spngs" 
(partial tassels) or "hangers" in the leaf canopy. Hangers, as tassels that 
become lodged in the leaf canopy are sometimes called, are capable of 
shedding pollen for 2 to 3 d after removal (D. Langer and P. Downes, 
1982, unpublished data). Hangers can lead to increased levels of female 
selfs, and are one of the chief objections that some companies have to 
mechanical detasseling machines. In all cases, some hand labor is required 
to move hangers to the ground and to pull entire tassels or spngs re- 
maining on missed, late, or short plants, or on tillers. 

With most female parents, the combination of mechanical and hand 
detasseling will result in a cost savings when compared with hand de- 
tasseling alone. Current detasseling costs range from $198 to $247 per ha 
($80-$ 100 per female acre) with a combination of mechanical and hand 
detasseling, compared to $296 to $321 per ha ($120 to $130 per female 
acre) for all hand detasseling (W: Beck, . 1987, personal communication). 

Cost savings attained through mechanical detasseling may be ofl&et 
by seed yield reductions if the operation is not carefully managed to 
minimize leaf damage (Craig, 1077, unpublished data). To decide whether 
or not to use mechanical detasseling, seed companies and plant man- 
agement consider variable production costs, especially current detasseling 
wages, and available labor supply, and weigh them against characteristics 
of the female parents involved and the size of the detasseling operation 
they face. 

9-8.4 Effect of Detasseling on Seed Yield 

The resumption in 1971 of detasseling as the primary method for 
pollen control (see section 9-8.5) renewed interest in the effect of detas- 
seling on yield The effect of detasseling on seed yield was considered 
more critical then, since inbred females had become involved due to the 
transitional adoption of single-cross hybrids. The development of various 
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types of mechanical detasseling machines also added la new 
A discussion of the efTect of detasseling and leaf removal on seed yields 
parents of doublets hybrids may be found in Craig 

„„ tri( , n ,, between the ear and the tasseL Hunter et al. (1973) removea 
tftoflm lOinbreds and observed an average increase in 
SwftS 9% As more leaves Were removed with the tassel, however, 
^te?4eWrrfnc5om ^picaUy occurred. When one, two,jnd three 
Ew^re removed with Sie tassel, yield reductions averaged 1.5, 43. 
S^-?S% relative to the yield where the tassel alone was removed. 

d"S£- a981) — tto^ir^nS 
twv nhserved vield reductions ranging from 9 to u% across iour cmi* 

nSySredrwimanavei^^ 

detasseto^thl after hand detasseling. Studies conducted by seed com- 
ra^^-^^^^ro^ddSed 

fifowiS© to time of cutting or tassel removal in relation to plant 
deveCment &) the climatic conditions prior to, during, md jAertossel 
re^vaTou) -morphological differences among genotypes; (iv) we of 
Setg machine; (v) the number of times cut o. <p£e4 ^ 

Ste Srences in severity and timing 

. complexities mean that precise statements regardmg die effect of detas- 
seling treatments on yield components cannot be made. 
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9-8.5 Cytoplasmic Male Sterility 

For about two decades prior to the epidemic of southern corn leaf, 
blight that swept the USA in 1970, the conversion of inbred parents to 
Texas cytoplasmic male sterility (cms-T) replaced detasseling as the pre- 
dominant form of pollen control (Craig, 1977;UiIstrup, 1972). Though 
other male sterile cytoplasms were available, the T source (Rogers and 
Edwardson, 1 952) proved to be the most satisfactory, because more inbreds 
were completely sterilized by T cytoplasm and genetic fertility restoration 
was more easily accomplished in this cytoplasm. 

After the 1970 epidemic, the realization that the nearly complete 
conversion to T cytoplasm increased the vulnerability of the corn crop 
(NAS, 1972; UUstrup, 1972) prompted a retreat from the extensive use 
of cms as a substitute for detasseling. In addition to T cytoplasm, many 
other male-sterile cytoplasms had been identified (Beckett, 1971; Duvick, 
1965); of these, the C and S cytoplasms were the best known (Duvick, 
1972). Since the use of cms was still a cost-competitive and satisfactory 
technique for hybrid seed production, C and S cytoplasms became im- 
portant again in the late 1970s and early 1980s. 

The American Seed Trade Association (ASTA) recently conducted a 
survey of the type of cytoplasm used in the production of seed corn to 
be sold in the USA. Based on number Of units of expected sales for 198T, 
66.1% of the seed corn was produced using 100% normal (N) cytoplasm, 
22.1% involved production with cms-C cytoplasm (1.9% involving 100% 
cms-C and restorers, and 20.2% involving blends with N cytoplasm), and 
1 1.5% involved cms-S cytoplasm (0.4% using cms-S and restorers, and 
11.1% involving blends: with N cytoplasm) (W. T. Schapaugh, 1987, letter 
to member companies responding to ASTA Com Cytoplasm Survey). 

There are two major ways in which cms has been used to facilitate 
the crossing of two inbreds. In the first case, detasseling is eliminated 
through the use of a female parent for which the cms conversion is com- 
pletely male sterile. No detasseling is required. The other case involves 
combination of C or S cytoplasms in certain genetic backgrounds that 
result in only partial male sterility. In this situation, anther exsertion is 
delayed 1 to 10 d (I^uvick, 1965) and usually commences after the tassel 
is fully extended above the leaves. At this point, mechanical detasseling 
can be accomplished with minimum leaf removal. 

Consider the production of the single cross, A X B. If inbred A is 
nonrestorer genotype (rf/rf) that has been put into a male sterile cyto- 
plasm by backcrossing, one can plant blocks of cms female A alternating 
with blocks of inbred B (the male) and produce completely cross-polli- 
nated seed on inbred A without detasseling. If inbred B is also a non- 
restorer genotype, the hybrid plants in a field of commercial com would 
also be pollen sterile; if inbred B carries dominant restorer genes (Rf/Rf), 
however, the hybrid (Rf/rf) will shed pollen. 

Since restored hybrids do not always shed adequate pollen (Duvick, 



WYCH 

586 

,959), the use of the restore, ■**2g%%Z^£%& . 
farmer and the seed company. S^Twhich from 25 to 50% 
uon is likely to involve a "^^S^ winded with 50 to 75% 
of fertile hybrid seed pro ^by^tasselm &£ B *^ d ^ blending 

One method is to flank the pollinator mth al^rMMgmoc^ 

normal (fertile) cytoplasm fcmate Ajodg * normal female . 

mixed. 

9-8.6 Other Types of Sterility 

employs genie male stenhty in *e produ<=^" °" Version of inbreds" 
method is not widely used today, however^** aecon« additiona i 

com production is an idea that has rec^iveaOTm ^ 

1977). Despite substantial reS p e f " no recent published 

agricultural chemical companies V ^^^SaMe and affordable 
work on this subject for corn. L^e ^epenoa^ 
commercial application of ^enucal hybnd^agentewr s 
duction has not yet been ^^^st^bm ^ 

1987, Personal comm^on)^o J^^L^Spfagcr et al, 1978) 
have been either ^sufficient stenhty P«g°W. 987 f pers0 iial com- 
or associated female barrenness (A. J. CavaUen, mi, 

niunication). 

9 9 HARVESTING THE SEED CROP 

Harvest of the hybrid seed corn ; crop ^j^^SSSi 
dinated with the operations of condiUotui^ dgj <he jroau 
plant The Rowing d^ussi^ 

at a typical large production plant (Fig . * ' All operations 

companies and among locations wrtun Alternatively, 
from husking to distribution ^ fone at on ^ ^ at a plant 
harvesting, sorting, drying, and shelling may oe acc v 
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ditions, and distribution of scp<L • 

u • „ lotion while the sizing, cleaning, bagging, storage, 
near the growing lo ^ Uo ^ a 7^pr more centralized locations, 
and distribution are. done at other more cemr 

9-9.I Maturity and Seed Quality 

Harvest ^^{^^Sff^A 
kernels approach ^^K^umulaUon. The moisture, 

have reached *eir maximum dry mawra^ h iologica i matunty 
percentage at which kernels of »taed com rcacn p y ^ 3g% {A 
varies wit^genotype ^.^St^audlurris, 1976). Generally, 

production plant capacity. ^ t dates are typically estimated 

Forplanningpurpose^ec^h^ d ^ . de _ 

by monitoring kernel ^^^Sob with "black layer" formation 
gree day) accumulation, in ™»^^ n ™" 1969) ^d/or progression 
paynarf, 1969, 1972; Daynard and Duncar e 4 c variation for 
of the "milk line-; ^(Afliak™ .^<*°°^° (Carter and Poneleit, 
t^^Tso^hSU, and may be taken mto 

—est of the se^gp "jjl-jj ^rSm^(S^ 
advantages, including f— S^^e t delays due to adverse 
losses from mechanical pickers, (m) nsk ot harv damage> 

weather conditions; ^ d <£> Each of these factors contributes 

earmolds s^rpts andotod^^ ofphysical damage, pres- 
to the quality of the seed crop oy t t of appearance, 
ervation of physiological vigor ;and a « n ^^ t g ° rm Son is a major 
The adverse effect offe^mageupo^B ^ Rqss _ 

risk to seed com companies (Airy, 1 W, »urr 
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man (1949) concluded that the amount of damage by freezing depended 
on temperature, duration of exposure, moisture of seed, genotype, husk 
protection, stage of development, and rate of drying after freezing. Studies 
reported by Neal (1961) indicated that injury tq germination from freeze 
damage is directly related to kernel moisture as well as intensity and 
duration of exposure. The higher the moisture, the greater the effect on 
germination at all levels of freeze treatments. 

9-9.2 Field Operations 

The contract grower is responsible for harvesting the seed crop and 
delivering it to the production plant Most mechanical harvesters ; used 
today are self-propelled ear corn pickers with three, four, or six-row heads 
(Fig. 9-7) Reduction in mechanical damage from the harvesters is ac- 
complished by removing pegs from the husking rolls and properly ad- 
justing the husking beds. Since harvest rate is ultimately determined hy 
dryer capacity, a weU-coordihated schedule directed by the production 
plant management is necessary to keep field harvest operations moving 
smoothly and dryers at full capacity. ^ 

9-93 Plant Operations 

The seed is weighed as it is delivered to the plant As the load is 
being dumped for movement into the husking/sorting building, the ear 
corn is sampled to accurately represent the grower's production of each 
hybrid. If maturity or moisture varies within a grower's fields, more than 
one sample is secured. These samples are used for measurement of grain 
moisture percentage and the cob and husk percentage. These data are 
used to calculate weight of No. 2 shelled corn delivered, which is the 
basis of payment to the contract grower., . V 

While final husking is still done in the field by some companies, more 
than 90% of the seed com/produced in the USA is transported to the 
plant before it is husked a final time, sorted, and then moved to the 
dryers (Stanfield, 1986). In a typical husking/sorting building,, ear corn 
is conveyed from thegreeri corn receiving area (Fig. 9-8) to storage bins 
above the husking bed. The action of the husking bed removes the ma- 
jority of the remaining husks before the ear com passes over the sorting 
table (Fig 9-9). M some operations, a return conveyor takes unhusked 
ears back over the husking bed Usually, from four to six workers per 
table sort the ear com as it passes over the table. These workers remove 
any diseased, off-type, or off-color ears from the seed. After sorting, the 
seed is conveyed to the dryers. 

9-10 SEED CORN CONDITIONING 

Conditioning of seed com is the series of activities that begins with 
drying the ear com and ends with the seed being bagged. The primary 
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steps involved are drying, shelling, W 
These activities are aoeompUsM. in.i,Iants of *"J3^»"ri3S 
(He 9-6) Although varying in engineenng, aU _condiuoning pantsare 
designed and So dfctafly handle quantities of seed rangmg from 

a few thousand to several million Ul ?^.^^, urine 

Certain objectives must constantly be addressed during the vanous 




Fig. 9-8. Unloading seed corn at the green coin receiving area at a productioa plant. The 
lar corn is conveyed from this area to the husking and sorting building. 



pjo o o The sortine ooeration in progress. Workers, remove undesiraMe ^ before tte 
cars to the husking bed 

procedures of conditioning. Fust, the seed must be handled in a manner 
that minimizes mechanical damage. Any breaks that_ occur in the seed 
coat have a direct and detrimental effect on germinabihty and vigoi oi 
the seedling plant (Knake et al., 1986). The extent to which genmnabuity 
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and/or vigor are reduced depends on both the severity and location of 
the mechanical damage (Wortman and Rinke, 1951; Wright, 1948). The 
effects of seed coat damage can be only partially offset by the application 
of fungicidal seed treatment (Knake et at, 1986; Tatum and Zuber, 1943). 

A second objective of conditioning is to achieve maximum planta- 
bility within the limitations imposed by the siring equipment The ob- 
jectives of sizing seed are .to achieve uniformity of appearance and to 
maximize uniformity of kernel size and/or shape so that seeds drop ac- 
curately with either plate-type or plateless planters. The contemporary 
corn farmer, who is optimizing soil fertility, selecting hybrids best adapted 
to specific population densitiesi and planting for most efficient produc- 
tion, cannot tolerate significant fluctuations in stand. 

Finally, the production plant manager must carefully maintain con- 
ditioning schedules to ensure the orderly movement of seed lots through 
distribution channels to meet delivery and planting schedules. 

9-10.1 Drying the Seed 

Seed corn dryers (Fig. 9-10) vary considerably throughout the .in- 
dustry. The majority of the systems utilize a squirrel-cage or axial-vane 
fan system to draw fresh air through a burner and force the heated air « 
through bins filled with ear corn. Most burners today are fired with nat- " 
ural, butane, or propane gas. 

Drying temperatures vary from 35 to 46 °C (95-1 15 °F). The entire 




Kg. 9-10. Top view of an ear corn dryer at a seed corn conditioning facility. The doors 
are opened during bin filling, closed during the first half of the drying cycle, and then 
opened again to exhaust moisture-laden air during the last half of the drying cycle. 
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drying procedure is closely monitored since higher temperatures are det- 
rimental to seed quality. Temperatures in the dryer building are measured 
at the point of contact with the seed. Temperatures above 45 C (1 13 F) 
have been reported as injurious to seed viability (Navratil and Bums, 
1 984- Craie. 1977) and high moisture seed is best dried at temperatures 
of 35 to 40 °C (95-105 °F) (Navratil and Burns, 1984; R. F. Baker, N. 
M Frey, and R. D. Wych, unpublished data). It is also known that the 
higher the initial moisture content, the more susceptible the seed is to 
germination damage, and that genotypes vary m dryer sensitivity. Air 
temperatures of 46 °C (1 15 °F) may be used after mowture content of 
the seed has decreased to 20% or less, to complete the ^g ^J^^ 1 
risk of germination injury. The seed corn is dried to 12 to 13% moisture, 
at which time it is conveyed to the sheller. . 

The moisture level to which seed corn is dried and held in storage 
also is critical. Cal and Obendorf (1972) showed that - imbjbitra °flow 
moisture (6%) corn kernels at temperatures of 5 °C (41 F) ^suited m 
malformed and delayed seedUng growth. Sensitivity to imbibitional chill- 
ing was reduced when the initial kernel moisture was 13 or 16%. 

9-10.2 Shelling the $eed 

Shelters used for seed corn are designed so that when operated at low 
speeds, the seed is more or less rubbed from the cob - As the sheller speed 
increases, the action becomes increasingly poundmg kernel damage 
drastically increases, and germination declines (Airy, 1955). Therefore, 
it is desirable that all contact edges of the moving sheller parts be well 
smoothed to reduce damage. Experience has shown that with adequate 
horsepower, shellers can be operated at lower speeds and kernel damage 
is reduced by keeping the sheller full at all times. 

9-10.3 Conveying the Seed 

Since prevention of kernel damage is one objective of conditioning 
seed, it follows that each step should be evaluated to deterrmne me amount 
of damage chargeable to that procedure. When studies such as this were 
done, some of the conveying equipment formerly used was found to be 
directly responsible for much of the mechanical damage (Craig, 1977}. 
Grain augers crack and scuff seed; chain conveyors crush and crack ker- 
nels- and single tube elevator legs allow seed to be caught under belts and 
behind cups. Perhaps the greatest singlesource of damage is the dropping 
of seed from elevated conveyors into steel bottom bins or onto concrete 

fl °°Today, elevator legs are the. double tube type and are equipped with 
either all plastic or plastic-lipped buckets. Chain conveyors are seldom 
used anymore, and augers have been replaced by belted conveyors. Break- 
age from impact on bin bottoms has been nearly eliminated by using 
grain spirals or ladders (Fig. 9-11) to lower seed gently with minimal 
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Fig. 9-1 L Bulk seed in storage awaiting farther conditioning' and bagging. The spiral chute 
permits filling the bin while subjecting the seed to minimal mechanical injury. 

impact Whenever the fell distances are greater than 2 to 3 m, such 
equipment should be considered. Lateral conveying of seed is done either 
on rubber belting or with vibrating trough conveyors. 

9-10.4 Cleaning the Seed 

Seed corn from the shelter contains varying amounts of foreign ma- 
terial, consisting of bits of cob r husk, silk, pieces of kernels and, on oc- 
casion, insect larvae brought in from the field with the ear corn. Storage 
properties, plantability, and appearance of seed are greatly enhanced by 
removal of such debris. If not -removed, the debris encourages storage 
insect problems and the development of hot spots when seed is stored 
for long periods. Aeration and cooling are improved by removing such 
foreign material, and less storage space is required. 

Two types of machines are used in the first steps of cleaning seed, 
air screen machines and scalperators. With air screen machines, shelled 
corn is delivered to sloping shaker screens that remove wide, extra large 
kernels and cob pieces (over a 24/64; see section 9-10.5 for a description 
of screen size nomenclature) and narrow tip kernels (through a 15/64 or 
a 16/64). The seed then passes through a blast of air that lifts fines, small 
cob pieces, and dust which have escaped the screening action. With scal- 
perators, shelled corn is fed onto a rotating wire mesh reel. Kernels and 
small cob fragments pass through the mesh, thus separating them from 
the larger cob pieces. An air chamber is then utilized to separate fines, 
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which are routed to a dust collector. Auy grain removed is disposed of 
as feed or market corn. M ^ an application of a slurry 

Z&l seed to -id 

of fines and foreign material. fia££S£ smooth rapid flow 

9-10.5 Sizing the Seed 

9-10.5.1 Sizing 

^ as used ^^j^c^X^ TnTh^c 
uniform lots of sizes based on ™ d *- ^™ e ^Xement that dois not 
term grading carries a eonnotau™ ofquaMy to "sizing, some seed 
apply to.the procedure To^ermme^ns to usem ^ Jfc^ for ^ 

rCZCS* -determine percent by size, 
kernel counts, P^mty a nW~ ers ^ . 

During sizing, seeds are ^^^^jj l/128thin.(com- 
descending series of screen « ^ "scrSns are selected to 
monly referenced as one-half 64th of an inch). ? C J~" S . d ^ s ~ 
separate the seed into large, medium t ^Z is Jed 
(narrow seeds overs" are separated 

to split the seed into overs Mia mrousu smaUer saeea 

with a larger screen into large and ^"^"with medium from the 

divides the jW&WgSE ttlnX^md hole saeen 
other aepamuon) wd^^kOTeK ^o ftom ^ to 14/64 

The goal of both systems of kernel size separations 10 

with acceptable appearand .and rf«£Ug. g lenph would be 

»n1he^ 
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ROUND - HOLE 
SCREENS 



SLOTTED - HOLE 
SCREENS 



UNSIZED SEED 



J 24, 


- \ 




f THRU 


1 21, 21.5, 22 1 




THRU 
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.5, H | 




THRU 


I 15.5, 16, 1G.5 | 



OVER 



DISCARO FOR FEED 
-> (EXTRA LARGE) 



RESULTANT 
KERNEL 
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OVER 



13.5, 14 



OVER 



13, 13.5 



OVER 



THRU 



DISCARD FOR FEED 
(EXTRA SMALL, "TIPS") 



—0 



0 





OVER 


| 12, 12.5 | 





THRU 



© 



inch. 

and are captured by an adjustable tilt trough through ^ter ofthe 
cylinder. Uniflows may be used to remove long kernels in ^ lee- 
way crosses and modified single crosses. Length sizing u much less com- 
mon vrith seed from inbreds, which characteristically have ratter short 
kernels. Length sizmggeneraUy Ik* Uttte effect on planmbihtyrfthe short- 
est kernels are longer than one-half of the plate cell lengtii. 

Separation tolerances of 3/64 in. for width and thickness and 4/64 
in for length have been proposed (Bateman, 1972; McKee, 1963). The 
ndusU however, commonly accepts a 4/64 in. range for kernel width 
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(La no,e) and up to an ^ •^^SSS^S 
matches weU with industry Changing round hole 

introduced in the early tedas other equipment manufao- 

change. This change has been a^^teaa^ these so-called 

turTrf have also introduced P^t^e^«rior separation of flat 
Sateless planters satisfactorily plant firms now offer plateless 

from round sizes. Coiisequpnti^o^e^rn sized (and 

fizes (flats and rounds J«^**£^ 131 ^ 

designated) further as ^.^Xte ^the short kernels removed in 
lenetfi is no problem for tbese plawere, u estimates 
S sizing often ^nd« is planted with 

indicate that 85% or more of A e com ^ of some ^ 

plateless planters. Consequently, up to oy 
panies is in plateless kernel sizes. 



the separation is no « kernels without as thorough 

aspirators tend to discard «?^°^" separators requires more 
removal of imperfect seeds. "if^ omy on rhe feed rate and 

skill, because adjustments on* he deck and on shaker 

tT^coZT^^^ - ^ t0 saQs6ctory 

Auditioning of seed com, >;j^S^^£^? 
ap^ceis^Wn^^^^eTs has resulted m 

^iss^tsssv £ — *- today - 



9-10.6 Planter Plate Selection 



Practically all seed corn companies ggJ-J^ ^SS? g 
customer convenience. The ^/JSC the customer, but 
only .identifies the plates that should be _sugges re ^ 
also serves as a check on the °£Sde™i the sizing equip- 

not drop the seed ^^^SeetioS done on actual planter 
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stands are often electronically monitored, which makes this step faster 
and eliminates human error in counting drop accuracy. Planting sugges- 
tions are also made for plateless planters. 

9-10.7 Treating the Seed 

Most seed companies apply a fungicide or a combination 
insecticide to the seed before bagging. The purpose of treatmgcono^oned 
seed is to protect against seedling diseases and to give short-term pro- 
Sction agahist stoia^insects. Properly treating seed may also he p oflset 
vllnerabiUty to msease caused by mechanical damage (KnakeetaL, 1986; 
Wormian and Rinke; 1951;:Wright, 1948). . . 

A typical dosage of the fungicide captan [a S -N-((tnch\oTomo- 
myl)tmb^yclohexene-l,2^carboxiinide] is about 0.6 B"P«U£ 
exlm of seed (600 ppm; 0.54 oz/bu). In areas where head smut disease 
Ts preM Vitavax^ or Vitavax®/thiram W^J^^ 
moyDdisulfidel fungicides are utilized in place of captan. A purplish or 
Sshdyefsusualiya 

color to the seed corn. This enables easy identification that treatment has 
been added; The treatment is spray metered on the seed m a rollmg 
cylinder drum. A smooth uniform application is desired.^ During ex- 
Semely cold weather, methanol maybe added to prevent spotty treatment 

due to crystal formation. n c 

Until recently, malathion (a<9-dimethyl phosphorodithoate of die- 
thyl mercaptosuSinate) and methoxychlor [2,2-bi S (p-methoxyphenyl)- 
1 1 l-7richloroethane] were the insecticides most commonly included in 
h eleaung mix. Use of these chemicals is now declining, due to efficacy 
and cost considerations, stricter governmental regula ions and the in- 
troduction of newer chemistries that are effective at lower apphcauon 
Ses Insecticide and fungicide use will continue to be a dynamic reflec- 
tion of new chemistry, cooperative research, between the chemical com- 
pares anTuie seedcirn industry, and the regulation cUm^mposed 
by the Environmental Protection Agency and the Food and Drug Ad- 
ministration. 

9-10.8 Bagging the Seed 

Most seed corn today is packaged by automatic or semiautomatic 
equipment (Rg. 9-13). A specified amount °£ se ^ !L^% V one OT 
is hung and filled, a tag is sewn on, and the bag is coded. Only one or 
t w roplmtors ar?needed to monitor this operation and keep it running 
smootiuy Nta? aU seed corn in the USA is packaged in multi-ply bap, 
most7wM c rcontain a moisture barrier of free Polyethylene^ora poly- 
ethylene-coated sheet to protect against external water. A ^crmkled outer 
ply with a nonslip coating improves handling and ^ c ^ n f b ^ e use 

A relatively new innovation is the replacement of sewing by the use 
of heat sealed bags. The advantages of heat sealing are to: (D make entry 
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Fig. 9-131 A typical bagging line in which the seed is weighed and dropped into the bag. 
Information such as bag weight, kernel size, and seed lot code is printed on the bag, and 
a preprinted tag is attached as the bag is sewn closed while traveling on a belt conveyor. 
The bags are subsequently stacked on pallets. 

into the bag by moisture and insects more difficult; (ii) eliminate problems 
caused by malfunctioning sewing heads; and (iii) save the cost of sewing 
thread. Pressure sensitive labels which are preprinted by computers can 
be used in place of sewn in tags. . 

Package size has moved from the bushel bag (25 kg, or 56 lb) to units 
weighing 23 kg (50 lb) and, in recent years, to units with 80 000 kernels 
per bag. A problem with bagging all units with 80 000 kernels is. that 
different kernel sizes neither weigh the same nor require the same volume. 
Bag weights may vary from 13 to 32 kg (30-70 lb) and a variety of bag 
sizes is necessary so that all bags will be full regardless of kernel size. In 
addition, palletizing bagged seed becomes difficult because of the different 
bag sizes. A partial solution to these problems has been achieved by some 
companies who have resumed varying kernel count per unit by kernel 
size, so that bag weight is near 22 kg (48 lb). 

An important final step in conditioning is collecting and saving a 
representative sample of each seed lot Trickle samplers are often used, 
but care must be exercised to ensure that the sampling tube draws from 
all the flow. Otherwise, stratification in the flow may cause the accu- 
mulation of a nonrepresentative sample. The sample thus obtained is 
used by quality assurance for germination and purity tests, verification 
of kernel counts, and checks for damaged kernels and inert material. State 
and federal laws require certain information to be printed on each bag 
or on a tag or label affixed to each bag. Requirements vary from state to 
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state, although attempts have been made to standardize these require- 
ments. 

9_H QUALITY ASSURANCE 

~ +u , c , in to 15 vears many changes have taken place in 
During the past 10 to W ™ J ts ^ affect seed cornqual- 
the techniques, equipment, ^^jf^SS^uction costs, farmer 

ity. ^J^^^^^SS^^^ is * e goal ° f Seed ?" 
demand and, in general, receive mgn-qu «u j Uc 

men to supply f^^^^^t^Toh^M 

SS^Sffiffi ^ assurance prosram to 

monitor all phases of seed P™ 1 ^™' have we Memied procedures 
The quality assurance prograrr .should ^^^4^ Dat a 
and standards that are * Sdure^outUned in Rules 

should be collected according > rule ^^^^on Handbook 
ofTestingSeeds^onymou^ Testi {AttOX1 . 

ruJand procedures have 

been adopted by f^J^^^do purity were described earlier 
Isolation standards a ^; es ^ r n fXction ofparent seed stocks and 
in the chapter as they pertained to P^^^^rftogecto 

^ ^conducted during and after conditioning. 

9-11.1 Specialty Corn 

Seed production and <.^— ^^^T^. 
netic purity of wMt^^. ^I^^h^amyto ^ 

what stricter than those outlined * ™ * b° w » homozy g OU s for 
cialty corns differ from » 0 ™ al ^ W ^f^ s b S n iminati6n arising 
recessive alleles at one or more Son of the desired trait 

from any foreign pollen would ^ ^ty m m. Any 

Production standards are more dewandi ^"Jf^ c ^ er to mee t 
expression of xenia in th e » ™* m ^c? e is marketed 
genetic purity standards Most wax y ud mgn y sfon rf purity 

with <3% normal endosperm, bee Bear /->; 

requirements for these specialty corns. spec ialty seed corn 

Isolation standards to minimize ~^™^" 0 " w "Xn the field size 
have been set at 201 m (660 ft) plus ***?££ZZ^BM size and/ 
is 4 ha (10 acres) or less. The dtsttnce. can commercial 
or the number of border rows JSrii as 402 m 

companies maintain the 201 m, and some rcqu 
(1320 ft), as*minimum isolation dls ^- Uowkernelsil i white corn, 
When contamination does occur, such as yellow Kernels in 
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^♦owichert to remove the obviously impure seeds, 
procedures have been esteb # hsh ^^T vellow kernels at the sorting 
The original method was to P 1 ^^^^^ sensitive' to 
tables before drying the ears. Although expe nsive and its 
minute color changes can %»^**?£?™o«™: With waxy corn, 

a special technique to laenmy H en d6sDerm starch causes 

1958). An iodine solutoon apphrf ^ 0S ^f^Sstarch kernels 
the waxy kernels to stain ^^S'aenemS property to a color 

white seed. 

9-11.2 Physical Quality 

Physical quality* m«*u£by the amount and Idad o«ed 

kernels present and by ™ taU ^ * ^ JXmitv and ultimately yield 
affeet field emergence establishment ^^SffiS 1 ^ see Craig, 
(Knake et al., 1986; Wortman and Rinke, 1951, wngni, i?ho, 
1977 ^additional, older reference^ ; on when & has 

Seed com is said to be m its dmi . p n y> 
attained physiological matunty and is std^ the tte^on^ 

female parent plants. Many a *7»^^ u Sl planted by the 
fonned from the tune the «ed « harvested ^, ^ 

customer. Seed left standing m the ^..^J^ 1 ^ temp erature, 
subjected ^.conditions ^aUower 

disease, and msect damage. Seed com l^uDjc d bagging . 

during harvest ^^it SS^^ 
^SSSSS-raS^ or conective procedures, 
are responsibilities of quality assurance. 

9-11.3 Sampling 

Seed^ty is measured Iby ^^St^.^ 

l^rSSrSSw^ture, measured 
in Fahrenheit degrees. ^ aW - ninnine the desired test 

under conditions preserving the onginal quality as n ^ l /.^JZZs^ 



tice, 1972). 
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9-11.4 Purity Analysis 

Purity analysis for seed corn is done more for genetic purity than for-' 
detenrdSng percent of pure seed, as is practiced for quality control in 
S3 soybean, and forage grasses. Beyond the endosperm punty 
and S checte described earlier for waxy and white hybrids, electro; 
£feM may be run to check for 

tvoes or roaues. Although these tests are tune consuming and expensive, 
K accurate if the sample is representative and the isozyme 
paints of the parents of the hybrid have been denned (Smith andWeis- 

coXc^X a^yses. For single-cross hybrids, the presence of more 
SnSto ^6%ieK a combination of selfs and omeroff-types totaling 
6 ^ > 8 <* ^ are^commonly used criteria for decisions to not offer a seed lot 
for sale' towoXnowever, might disclose that from 2 to 3% off-types 
Sbenler detectable nor objectionable t ^ ^ ^^M 
t„ritv v^mel color and stature were similar to the hybrid. Alternative!}, 
!KS!rf3£ offV plants might generate considerable negative 
feedback from customers. 

9-11.5 Germination 

The germination test is the most frequently used procedure to mea- 
sure product Standard methods and guidelines for germmaUon 
JSiSrfMcds (Anonymous, 19*1) and the necessary equipment and 
n?o^dures (Justice, 1972) have been established. Most of the larger c^m- 
J^^ycM^dr o^ seed testing laboratories, but state, 
university or private laboratories are also utilized. .- . 

One? aTyftem has been established, accurate and consistent ev*u- 
ation oftte seedlings in the test is of greatest importance. The data 

bag (usually on a sew-on tag), as required by both state and federal seed 

^Standard germination tests are conducted under ^y ^ ^ 
tions-^ce field conditions seldom approximate the ideal, otter tests 
ha^rSTdeveloped to measure seed deterioration or vigor. Seed vigor 
^StSoSation of Official Seed Analysts (AOSA I as ^ose 
properties which detennine the potential for rapid^ ™ fo ™J™*™* 
^development of normal seedlings under a wide .range ^offield con- 
ditions" (Anonymous, 1983). Differences in vigor ^ twe f fr ^° 1°,!^ 
seed that^othervvise genetically alike maynot be 
germination in the standard warm test (Delouche, 1973, Pollock and 

Roos, 1972). 
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9-11 5 1 Cold Test 

Most seed companies use some 
vigor. The most ^^'^fnandO^til 1987; McDonald, 1975). 
where (Wj^^wtaS the ability of seed to 
Craig (1977) stated tta ^ and may reflect the amount 

emerge when soil conditions are cold Currently, however, 

of mechanical damage a seed '<>» t * bU) of ^ cold test as a 

uniform procedures and « "V *J^3 industry. Burns and 

measurement of quality do. not exist in tne s ^ 

Navratil (1979) disused .^aSSSfSmffl tytf results from one 
etc. 

9-11 5 2 Tetrazolium Test ■ _ 

This biochemical test with W^SSjS5?SSS 
identifies seed viability, ,^jSSi n dead tissue Uaves 
orless tetrazolium red; l°^ of . e °^??™ is further used to evaluate 
the tetrazolium colorless. The «^ u ^ e lS a „d vfabUity of dormant 

aL, 1947). 

9-11.5.3 Accelerated Aging Test . 

, ♦ a « 0 ;«o tP*t (sometimes called the rapztf aging test), 
In the accelerated aging test ^omenro fAn onymous, 1983). The 
seeds are stressed prior to the ge^ 

conditions suggested by ^ ^^f^^^S ^ for 96 h. The per- 

c^s^^ 

a good measure of seed vigor. 

9-11.5.4 Electrical Conductivity Test 

because of procedural variabiUty. 

9-12 STORAGE AND DISTRIBUTION 
9-12.1 Storage 

The basic requirements for ^^"^tgSFtito 
of rodents and grain storage insects, and capaDie 01 o 6 
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r WAirv 1955) Seed is at its highest quality level 
certain temperature hmits(A^,l^W^ f that point 0 n- 

at physiological matunty and* « only ^etenor ^ quality 

ward. The goal of seed storage 'f ni ^ n ^eteriorauon. The best stor- 
throughout the storage penodby mininming deteno 

age conditions ^^^^ed is necessary (Fig. 9-14) In 
Storage for both bulk ana °»»~ H - d k advantage of the 
some companies, facito* been -ftSSdSrt for conditioning, *e 
same space for both. As the butt seed ^mov« At most fa _ 

bagged seed can be moved must be stored exceeds 

lift trucks (Fig. 9-14), ., w u,,iv 6r banged, for prolonged periods at 
Storage of seed <»^* CT .^X3^oratioa of seed quaUty. 
temperatures above 10 °C (50 '{I, after the drying and shelling. 

For this reason, bulk seed should be * r f ™ lk ^ ^ ambient 

stt ps. This is usually aceomphshed ^eraUon °t D summ er at 

air. Further, surpta i bagged *ed should be sto 4J ^ 55% tQ 

or below 10 °C and at rekrbve ^y. Early work (Airy 

maintain the desired mots^ ^n^an^ ^^ rature and 



"8^^^®^^*^*^*^^^?^^;^^^'"^ 'dlstribtttioii'to sales 
fig. 9-14. Bagged seed com in storage P^^S^^iac that automat, 
tcpre^ntetives. Some seed companies now ^^^^wrapping prior to storage 

ically surrounds the pal R^S^^SS pallets around the warehouse, 
and/or shipment Forklift trucks are usea iu 



\VYCH 

604 

above that wUch market forecasts nto^ l^Wi^ 

n».rj» 

supply channels and praoiee benefits 

duction acreage. A «^ <"•"■*> 2£5? <££ TproducUon acreage in 
North American agncultore. Ite 198 3 fa ^cipation 
the USA was substantially tower than on 198 3 

of the impact^f &e fed^vemments - }»| 3 ^ 

sales and anticipated ^ ove %™ w ^ e ij^ SU ppUesforthe 1984 
field yields severely " e P b e ~XsSt had it not been for 

trolled-atmosphere warehouses. 

9-12.2 Sales and Distribution 
tw are basically two common methods of sales and .distribution 

S3SJ3^M3L- and/or dealers, is more co,- 

ally 7 former who is also a part-time «*~ t ?" ^fflSfto S£- 
buuon depends on die ^.^"S^ 
boring fanners to ^ •"^K^glX pick up or delivery, (v) 
and store the seed until delivery, vy^^-^Jr e f or re turn of unsold 
complete the sale and collect the account; <£>j™ ™^£^to 
seed'totheproduc*^ ^ 
the ^mer * \^^^SSU commonly referred to as 

never takes actual ^^^^f^ealer purchases tie seed 
In contrast, a seed <tetnbutor_or a seeo oe^e f dealers 

SE f^r^om^v^^nn supply 
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stores,orelevatorope^^ 

to areas where sales volumes are not great ^ the existing 

farm calls of the local salesman, but are compauu 
business of the store or elevator. 
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Summary 

That molecular markers allow fast recovery of recntrcm parent genotype in backeross 
programs is undisputed. Restriction Fragment Length Polymorphisms (RFLP's) wot used 
h) maize to infxogrcsTby backcross a transgenc construct, containing phosphlnomricin 
resistance and insecticidal protein genes, from a transformed parent into an elite inbred line. 
At each generation plants carrying the transgenc construct were selected based on tbeir 
phosphurthrkin resistance, arid further characterized with RFLP's. Both maximum 
recovery of recurrent parent genotype and minimum linkage drag were taken into account 
for marto^ased^etuoik Embryo rescue was used to shorten gencratioo time. Progress 
towards recurrent patent genotype was spectacular. Levels of recurrent parent genotype 
recovery which would normally be observed, in the absence of selection, in the BC$ 
generation were obtained at the BCj garafJon, about one year after BC, seeds had been 
planted. Besides the evidence already provided by RFLP's, pheoocypic evaluation of the 
bacaxrossHkrrvcd near-isogenic lines will constitute an additional check of me completeness 
of the conversion. 

Introduction 

Bactoossi^ 

been ava ilable. It has mainly been used to introgrcss single Mendelian traits, such as disease 
rcsistumoT quality factors, into elite gennplasm (Allard I960; Hajlauer and Miranda 
1981). One of the most attractive attributes of bacaxrossing b that it allows to perform 
targeted motnTicatioos without disrupting the existing overall genetic balance of the 
recurrent parent. 

However, production of folly converted near isogenic lines through classical 
bacfcCAKsmg procedures b a lengthy procedure, if at ad possible. Theoretically, a minimum 



of seven classical backcross generations are required to recover more dun 99% of recurrent 
parent genotype, assuming no linkage drag. He attractiveness of classical backcrow 
procedures is therefore substantially diminished for crops, such as maize (Zea mays L.), 
where the turn-over of elite cultivars is very fast. In addition, full recovery of recurrent 
parent genotype is usually not achieved through classical backcrossiog. which may result in 
deleterious agronomic effects. Murray et al. (1988) reported about 90% recurrent parent 
genotype recovery in two BC 1(r equivalent conversions (A632Ht and A632Rp) of the maize 
tine A632. The conversions had retained respectively 4 and 7 donor fragments in addition to 
the one carrying the gene of interest. 

Reduction in the number of backcross generations needed to obtain fully coo verted 
individuals has been shown theoretically, or from simulations, to be achievable ihrough the 
use of molecular markers CTanksley * of- 1989; Hospital et at. 1992; Jaiboe ct of. 1994). 
Because they provide thorough characterization of die genetic variability at each backcross 
generation, markers allow to take fall advantage of this variability by applying the highest 
possible selection intensity. 

Efficiency of marker-assisted backcross ing was investigated through an experiment 
aimed at intiogressing a single genetic factor (a transgenc construct) from a donor into a 
recipient maize line. 

Materials and methods 
Plant Material 

A hemizygous transgenic maize line of Lancaster origin was used as donor parent to 
inrrogress its transgene construct, through repeated backcross ing, into * recipient parent 
from die Stiff Stalk gcnnplasm group. Doth parents are proprietary elite lines. The 
transgenc construct carries both a phosphirjotmicin resistance gene and synthetic genes 
encoding the entoraomxic fragment of the CryIA(b) Bocilka thuringiehsis protein (Koziel et 
al. 1993). Transformation was achieved through microrjrqjcctile bombardment (Kozicl et 
aL 1993) and resulted in a single insertion (Bt locus), on chromosome 1 (Figure 1). 

Backcross protocol 

The P 1 progeny of the cross between the donor and the recipient was screened for the 
presence of the transgene construct by applying Basta, a phosphmothricin-bascd herbicide, 
onto each plant. Resistant individuals were then used to generate BCj progeny. 

For each backcross generation, except the BQ, individuals were planted in multipois 
and sprayed with Basta to eliminate those which did not carry die transgene coDStruct To 
avoid (he stress resulting from treatment with Basta, BCj plants carrying the transgene 
construct were identified using Southern blots probed with the pas and Br genes. Resistant 
plants were transplanted in an open soil greenhouse and leaf-sampled for molecular marker 
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analyses. Results of marker analyses were made available at the latest two weeks after 
flowering. A single plant was selected, of which all bactaoss-derived embryos were 
rescued and transferred onto tissue culture medium. Plandets that developed from these 
embryos first underwent a greenhouse acclimation phase, while still growing on tissue 
culture medium, before being transplanted into multipots. Backcross cycles lasted, on 
average, four months. 

Molecular marker analyses 

Restriction Fragment Length Polymorphisms (RFLTs) were used to establish 
genotypes in all four generations. RFLP detection involved cither radioactive or 
chemilurainesccnt techniques. For the BCt generation, 61 marker^nzyme combinations 
were chosen from among those revealing polymorphism between donor and recipient. They 
provided coverage of the entire genome, defining intervals of about 25 cM in size, and 
contained two loci tightly linked to the fir locus, CG320 and CG415, respectively 5 and 16 
recombination units away (Figure 1). For subsequent generations, markers analyzed In the 
BC fl+ , generation comprised both those for which the selected BC Q plant was heterozygous, 
or tightly linked ones, and additional ones located in chromosomal segments for which the 
selected BC n plant was heterozygous (Table 1). Marker map positions were obtained from 
independent reference populations and confirmed by analysis of segregation in the BC, 
generation. 

Selection procedure 
Al each generation plants were ranked based both on the percentage of homozygous 
rccurrenl-pareitt-genotype and on the extent of linkage drag around the Bt locus, in an 
attempt to integrate both criteria. Plants for which two or more adjacent markers had 
missing values were not included in the analyses. Success or failure of die pollinations also 
contributed to the selection procedure. One single plant was selected at each generation: the 
best ranking one of those for which a backcross progeny of size 100 or more (50 or more 
for the BC 3 selection) was available. 

Results and discussion 

Selection for the gene of interest 

The observed segregation ratios for plwsphinothricin resistance (Table 1) were not 
significantly different (P<0.05) from the expected 1:1, as shown by Chi-square tests. 

Recurrent parent genotype recovery 
Statistics for the genotyped plants are summarized in Table t. Calculations were 
performed taking the whole genome into account, including the Bt locus. The •perfect' 
backcross-derrved plant therefore counts one heterozygous chromosome segment, mat 
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comnrisiflg the Bt locus. It also displays 99.36% of homozygous recuneni-parent-gcnotypB. 
TTie remaininc 0.64% corresponds to the average relative length of the chromosome 
segment containing the Bt locus, wJiich depends on the two flanking markers chosen. 

The mean percentage of homozygous ianirremi>arcnt-genotypc of the BC, generation 
was slightly lower than the expected 50%. This can be explained by linkage drag around the 
Bt locus, given mat this percentage was computed based only on plants selected for 
heterozygosity at the Bt locus. For all other bacJccross generations the mean percentage of 
homozygous recurrcnt-parent-genotypc wis much higher than what would have been 
observed, should no selection have been done (Figure 2). 

The percentage of homozygous rccurrem^arent-genotype of the selected plant 
(Table 1) and the average of the five largest values (Table 1) were always very similar to 
one another, and much superior to the population mean value (Figure 2). The percentage of 
homozygous recurrcrat-parent-genotypc of the selected plant was found only once, in the 
BCa gencrauon, to be smaller than the average of die five largest values. This corresponded 
to the only time when the selected plant was not the one with the maximum percentage of 
homozygous recurrcnt-parcnt-genotype. The plant had been selected because it displayed a 
favorable recombination on one side of the Bt locus (Figure 1). 

The percentage of homozygous recurrcnt-parent-genotype of the selected BC| plant 
was almost equal to that of *n unselected BCj. that of the selected BC2 was larger than that 
of an unselected BC 3 , that of the selected BC 3 was barely smaller than that of an unselected 
BC 6t and that of the selected BC 4 was equal to that of the 'perfect' badecross^terived 
plant, given the set of markers that was used. Such rates of recurrent parent genotype 
recovery arc consistent with results of simtdarion analyses. Jarboe et oL (1994) who used 
the maize genome as a model reported dot three backcross generations and 80 markers 
were needed to recover 99% of recurrent parent genotype. 

Number of donor chromosome segments 
The number of heterozygous chromosomal segments decreased from one backcross 
generation to the next. Plants selected at each generation were not necessarily those which 
had the lowest number of heterozygous chromosomal segments (Table 1). Howcier. with 
the set of markers used, 8C 3 and BC 4 plants were recovered which contained only one 
heterozygous chromosomal segment: that comprising the Bt locus. 

Linkage drag 

Linkage drag around the Bt locus was estimated, relative to the length of chromosome 
1. Its value was found to lie between 24.0 and 48.4% for the selected BCj individual, 
between 17.6 and 34.8% for the selected BC2. between 2.0 and 24.0% for the selected 
BC 3t and between 0.0 and 8.4% (respectively 0.0 and 14.5 cM) for the selected BC«. 
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The two values given for each generation are extreme values of linkage drag, which 
correspond to extreme positions of the crossing-overs in the marker-defined intervals 
Hanking the transgene construct locos. Therefore the true linkage drag value of the selected 
BC 4 is likely to be less than 1.3% of the genome. Although (his maximum value may 
jppcar to be somewhat high, reflecting the limited selection pressure put here on linkage 
drag it is much lower than what would be expected from classical baefcerojs programs 
(Slam and Zeven 1981; Taokdey « al. 1989). Practically, ui a study of Tm-2 conversions 
of tomato cultivam obtained by a large number of classical backcross cycles. Young and 
Tanksley (1989) found that the sixes of the introgressed fragments ranged between 4 and 51 
cM. 

Conclusion 

These results clearly demonstrate that molecular markers provide .mpomm nmc and 
quality advantages over classical procedures for the production of near-isogenic lines 
through backcrossing. Only four backcross generations were necessary to recover, tn less 
than a year and a half from planting of the BC,$. individuals which appeared to be 
gcnotypicmly fully converted. Nevertheless, it is likely (hat recovery of recurrent parent 
genotype could proceed even faster than in the experiment described herein, should the 
appropriate protocol and resources (population size, number and position of markers) be 
allocated. 

Comparison of BC 4 -dcrived lines wilh the recurrent parent for both morphological 
markers and agronomic performance (including hybrid performance) will be performed in 
order 10 confirm the completeness of the conversion. 
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Marker-assisted Selection in 
Backcross Breeding 

S.J. Openshaw 

Pioneer Hi-Bred Intl. Inc., P.O. Box 1004, Johnston, IA 50131 
S.G. Jarboe* 

CIMMYT, Lisbon 27, Apdo. Postal 6-641, 06600 Mexico. D.R, Mexico 
W.D. Beavis 

Pioneer HUBred Intl Inc., PO. Box 1004, Johnston, IA 50131 

Abstract* The backcross breeding procedure has been used widely to transfer simply Inherited trait* into elite genotypes. 
Genetic markers can increase die effectiveness of barlrrnvjiinn; by 1) increasing (He probability of obtaining a suitable 
conversion, and 2) decreasing the lime required to achie?c an acceptable recovery, SlwnlotSo a and £ eld results indicated 
thai, for a genome consisting of ten MO-cM chromosomes, basing selection on 40 or 80 markers In 50 B C individuals that 
carry the allele being transferred can reduce the number of backcross generations needed front about seven to three. 



The backcrass bleeding procedure has been used -widely 
to transfer simply inherited touts into elite genotypes. 
Usually, the sale bring transferred is controlled by a 
single gene, but highly heritable traits mat are more complexly 
inheri ted have also been transferred successfully by backcroas- 
ing; for example, maturity in malic (RJaka and Soma, 1961; 
Shaver, 1976). Today, baekczra&ituji* being wed to transfer 
feces introduced by such technloiies si transformation or 
mutation Into appropriate eermpUn. 

Sevaal plant breeding textbooks give good descriptions of 
the hacaxtoas proccduro (AUard, I960: Fobr, 1987), A donor 
parent (DP) carrying a trait of lnn^cstiicro«edtD the recurrent 
parent (ftP), to elite Kne Out la locking the trail. The F, is 
crossed back to the RP to produce the BC, generation. In the 
BC, and subsequent oactattfs generations, selected individu- 
als carrying the gene being transferred ate b*cfccroiaed to the 
Itp/rhc expected proportion of Dp feoom* if r*dec«d by half 
with each generation of baclccrosslnav Ignoring effects of link' 
age to the selected DP allele being transferred, the percentage 
recurrent parent (%KP) genome expected la each baekexo*s 
generation i* calculated as: 

%RP«*100[l-.(OLSr»] 

where n is the number of backer oases. 

BockcrossiflR *f lelccted plants in the RP can be repeated 
each cycle until a tine U obtained that is essentially aversion of 
the RF (bat Includes the Intro tressed allele After six bsck> 
crosses. the expected recovery is >99% (Table 1). 

Until recently, discussion* of the web very of the RP genome 
during backcrcssing hive emphasised the expected values for 

'FpntwHy wtth r\*<*« UmWrtky, WtnUq^n. tod. 

Analysis ofMoUcalorMtuiur Dtu* 



%KP shown in Table 1, and have largely ignored the genotic 
variation for %RP that exists around the expected mean. "With 
the development of penedc markers capable of providing good 
genome coverage, there has been Interest In taking advaniQge of 
thai variation to increase the efficiency of backcrossing. ' 

Selection for RF marker alleles can Increase greatly the 
effectiveness of nackcrbss programs by allowing the breeder to * 
1) select backcross plants that have a higher proportion of BP 
genome, and 2) select baekcrose Individuals that are better 
conversions near a mapped donor allele being transferred ft.**, 
select for less linkage drag). Expressed In practical terms, using 
genetic markers to assist baekonsslng can 1) increase the 
probability of obtai aing ft suitable conversion, end 2) decrease 
me dme required to achieve an acceptable recovery. 

Issues to consider when planning a markci>assistcd back- 
cross program Include I) the time advantage of using markers 
to assist baekcrosslASTi 2} die number of markers needed, and 3) 
the number of genotypes so evaluate. In this renort, we use 
results from previous literature, computer simulation, end em* 
pineal studies to provide some guidelines. 

T>b!t L Ztytced rtewtry afr*ckrrtatpor*nt (Rr) gtnam* during 
hlckcratiuip oumiMj na UiOvgt to iHm jp*t biiAg wtvUfamd. 

55£ 

jaoooo 

75JXKW 
87.5000 
93.7500 

9BL4375 
99 J IBS 
99.609* 



' TvlQtcrkfs and methods 

The maize genome was the model for the simulation. The 
, jimulaicd genome contained ten 200-cMejirorno$orncs. Simu- 
Inrionofcrassin^overwaibasec' onaPoisson distribution with 
» mean of 2,0 (X ^ 1) (Hanson, 1959), which, oft overage, 
generated one cross over for every I QO-cM length. The aitxiula- 
aoflS repotted here assume no interference. Codominant ge- 
- n ccic markers were evenly distributed in the genome and sites 
of the donor gen* were randomly ass I gned to genome 1 ocaiions. 
1 Simulations were eondncrcd wjcfo the following parameters: 

Number of progeny; 100 or 500. 

Baefccrois generations; BC |t BCj, and BC>> 

Number of markers: 20,40. 80. or 100. 

Number selected to form the next BC generation: 1 or 5, 

Selection was based cm 1) presence of the donorallele and 2) 
high %RP). %RP was eatcuhtcd as the average of the (one or 
five) selected iadivid uals. Valuta presented are the mean of 50 
fllmulqtions, 

•JUsnlts 

In the computer simulation study, al] methods modeled 
( pjeatfy increased trie speed of recovering the BP genome 
, compared to the expected recovery with no maricer- assisted 
• selection (compare Tables 1 and 2). Ai least B0 markers were 
. required to recover 99% of the RP genome in jusx three BC 
generations (Table 2). Use of at least 80 markets and 500 
progeny allowed recovery of 98% RP in just two BC genera- 
tion*. Response to selection was diminished only slightly by 
spreading the effort over five selections. Using markers, the 
number ofbackcross gerieraUorts needed to convert an Inbred Is 



reduced from about Seven to three. 

By die BC, senention, there appears \o be no pracllea! 
advantage to using 500 vs. ICG individuals. If the presence of 
the donor uait In the backcross individuals can be ascertained 
before markers are genecyped, then only half the numb&r of 
individuals Indicated In the tables will need to be analyzed. 

When a small number of markers arc used, they quickly 
became non-mformativo; i.e., selection causes the marker loci 
to became fixed for the RP Type before the reit of the ccnomc 
is fully converted (Tabic 3; Hospital etal., 1992).Thi*«icuadon 
was most prominent in ihi larger populations, where a higher 
selection intensity placed more selection pressure upon the 
marker loci. Accordingly, it is of interest to consider how 
closely the estimation of %KP based on markers reflect* the 
actual genome compost don. The combination of estimation of 
%RF based on fewer markers and subsequentsclecuon tends to 
bias the estimates upward (compare Tables 2 and 3). 

The results ftom the simulation compare Well with real field 
data.TnarypicalexampiB.SOBC^IanucaxryingthcgntiebBjng 
transferred were jenotyped ai 83 polymorphic RFLP loci (note 
that this corresponds to a populadon size of 200 unstlected 
plants in Tables 2 and 3), The five best BC. recoveries had 
estimated ftRP values of"85.99&, S2.7%, 82.0%, 61,4%, and 
81 .2#. After evaluating 10 BC^ plant* frosn each selected BC k « 
uSc bestBC, recovery had an estimated %R> of 94.6%. 

Discussion 

The simulation* (Table 2; hospital « al. f 1991) and our 
experience indicate that four markers per 200-cM chromosome 
is adequate co greatly increase the effectiveness of selection in 
the BC,. Ho*evei\ using only four markers per 200 cM will 
likely make k v/ery difficult to map the location of the gene of 
interest, Adequate -summarization of die data Ie an important 



Tabk 2, Percent recurrent parent jpptfin* durinr marktr-miiricd £d cisnwuig. 
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Tabic 3. Estimates ofperetnt recurrent parent Rename, haszA oa marker loci 
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Analyst* of Molecular Marker Data 



* pjrof a markcr.^sMlfidbackcmssprosTiHn.TdopUyp the mark- 
^5 used ca a supply data tfttt cbj** be represented as alleles ofloci 
' tfft* knwti map position. Estimation of %RP, mapping the 
posirion of the locus of interest, and graphical display of the 
rtSuJLS Ofaiintf Tankslcy, 19S9) are all useful in Under- 
sanding and controlling the Specie baciccmss experiment 
being conducted. 

It appears that, with the use of genetic markers, the portion 
, of the RP genome thai is not linked to the allele being trans- 
'.ferred can be recovered quiekly and with confidence. The 
recovery of RP will ba slower on the chromosome carrying ih* 
;.fipno of interest A considcrahlo amount of linkage drag is 
dpected to accompany selection for the fcp alkie in a back* 
, ..cross program. For a locus located in (he middle of a 200-cM 
chromosome, the length, of the DP chxomoaonia augment nc- 
\ cornpanying selection is expected to bo 126, 63, and 28 eM in 
' (fre BC . BC 3 , and BC, generations, respectively {Hanson, 
' , J 9$9\ mveir^and Bsrbodilla. 1 992). Our observations support 
the recommendation of Hospital et at. (1992) Lhaipreferenceba 
/given to the selection for recombinants proximal to the allele of 
'/.interest, but that selection for r*cov«y of the RP elsewhere In 
the genome also be considered. This two-stage seltctjoa can 
probably he done quite effectively ad hoc by the breeder anec 
; the dara Is adequately summarized; however, Hospital el si 



suggest ways to Incorporate the two criteria fnto a selection 
index such that each component of selection Is assured expro- 
priate weighting. 

UseofgcncdcrnarkerscangreaUy increase theeffectivenesfi 
of bacjecrossmg, and thay should be used in any serious baek- 
crossinsj program if resources are availabTo to the breeder 
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Analysis oj Molecular Marker Data 



Exhibit 8: Hallauer et al (1988) Corn Breeding, Corn And Corn Improvement, No. 18, 
p. 472 

Included in the Information Disclosure Statement filed by Applicant in the present 
case. First cited by Applicant in April 22, 2003 Amendment, p. 19 in the parent 
application, 09/760,156, issued as U.S. Patent No. 6,727,413. The Examiner's June 30, 
2003 Office Action as entered in response to the Amendment. 
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Corn (Zea mays L.) breeding for hybrid development was begun in the 
early 1900s with the work of Shull (1909), East (19,08), and others, but 
a primitive type of breeding was conducted for thousands of years by the 
American Indians before the European colonists began settlement in the 
? y World. The U.S. Corn Belt dents were derived from crosses that 
iwmded germ plasm of the northeastern flint and southern dent or gourd- 
seed types, beginning about 1850, with subsequent selection that devel- 
oped the U.S. Corn Belt dents. Open-pollinated cultivars, such as Reid 
Yellow Dent, Krug, Learning, and Lancaster Sure Crop were developed 
by a type of mass selection that was based on plant, ear, and grain type. 
This early work, which was done primarily by farmers and seedsmen, 
provided the germplasm sources from which were developed the inbred 
parental lines that were used to produce the first double-cross hybrids 
used in the USA. Even to the present time, relatively little germ plasm 
from other countries has been used in corn breeding programs in the 
USA (Brown, 1975). 

Breeding procedures were used to improve and develop new strains 
of the open-pollinated cultivars in the late 1800s and early 1900s before 
the development of inbred lines for hybrid seed production was begun. 
These breeding procedures included varietal hybridization, mass selec- 
tion, and ear-to-row selection. Descriptions of the procedures have been 
published in earlier years, and results from a few studies were summarized 
by Sprague and Eberhart (1977). These procedures were not successful 
to effect yield improvements. In some instances, varietal hybridization 

'Joint contribution of the USDA-ARS, and Journal Paper no. J-12562 of the Iowa Agric. 
and Home Econ. Exp. Stn., Ames, IA 50011. Project no. 2778. 

Copyright 1988 © ASA-CSSA-SSSA, 677 South Segbe Road, Madison, WI 53711, USA. 
r t and Corn Improvement-Agronomy Monograph no. 18, 3rd edition. 
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gave crosses that produced better than the higher-yielding parent but the 
procedure was not accepted widely for commercial use. Selection pro- 
grams were successful in producing numerous strains that varied for ma 
tunty, plant type, ear and grain type, and pest resistance. Corn shows 
conducted at the start of the 20th century also caused selection for a 
distinct ear and grain appearance. Close, selection to type, however may 
have caused some inbreeding, which may have been the primary reason 
that yield improvements were not realized. Mass selection and ear-to- 
row breeding were gradually discontinued as inbred development for 
hybrid use became the accepted method. Modifications to mass selection 
(Gardner, 1961) and ear-to-row selection (Lonnquist, 1964) recently have 
been used to enhance the effectiveness of these selection methods for 
improving yield in breeding populations. 

Results of breeding studies by Shuil, East, and Jones in the early 
1900s led to the establishment of programs at many U.S. agricultural 
experiment stations and by the USDA for the development and evalu- 
ation of inbred lines and hybrids during the period of 1915 to 1925. Com 
breeding as a private commercial enterprise came a few years later It 
was the 1930s before farmer use of hybrid seed became an acceptable 
practice; hybrid corn occupied approximately 100% of the corn area in 
Iowa by 1943, 90% of the corn area in the U.S. Corn Belt, but only 60% 
of the corn area for the entire USA (Fig. 8-1). Double-cross hybrids were 
the predominant type in the USA until about 1960 when the use of single 
crosses began to increase. Single crosses became the predominant type 
in a few years, with considerably fewer hectares being planted to related- 
line single crosses, three-way crosses, and double crosses. 

Corn breeding for the development of inbred lines and hybrids in 
other parts of the world expanded rapidly after World War II. Corn has 
proved to be a flexible species amenable to selection such that progress 
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evidence of a plateau effect Thompson (1975), by using a regression 
equation derived from corn yields and weather data in Illinois, predicted 
yields in that state would level off at 7,5 Mg ha" 1 by 1985. 

Evidence for the contribution of breeding to corn yield increases has 
been obtained in several experiments (Russell, 1974, 1984, 1985a, 1986; 
Duvick, 1977, 1984; Crosbie, 1982; Tapper, 1983;CastIeberryetaL, 1984; 
Meghji et aL, 1984). Most of these experiments included hybrids that 
were representative of materials grown from 1930s to 1970 or 1980; in 
a few studies open-pollinated cultivars from prehybrid times were in- 
cluded. Frey (1971) and Darrah (unpublished data reported by Hallauer, 
1973) obtained estimates by using data from the Iowa Corn Yield Tests; 
all other data were obtained in experiments designed purposely to obtain 
information to assess genetic gains. A summary that includes total and 
genetic gains is given . in Table 8-1. Total gains ranged from 0.078 to 
0.110 Mg ha-'yr-" 1 and genetic gains were 0.033 to 0.092 Mg ba^yr" 1 . 
The estimates, using open-pollinated cultivars as the basis for the pro- 
portion of total gain that was caused by genetic improvement, ranged 
from 56 to 89% for the planned experiments; some may be considered 
actual genetic gains whereas other estimates were biased because of har- 
vest method. For example, the estimates of machine-harvested plots (see 
footnotes, Table 8-1) are likely biased in favor of newer hybrids because 
greater stalk lodging of the older hybrids would be expected to have 
caused greater harvest losses. The combined effects of improved cultural 
practices and better hybrids were confounded in these experiments. The 
hybrids have increased in yield because of their continued improvement 
in genetic potential to take advantage of improved cultural practices. 
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Table 8-1. Summary of 13 estimates of total grain yield gain and the genetic total yield 
gain of corn hybrids. (Table 3 from Russell, 1986). Adapted from Duvick (1984). t 



Author 


Year 
reported 


Time span 


Experi- 
ment yr 


Total gain 


i Genetic gain 










— Mg ha" 1 yr 1 — 


% 


Frey 


1971 


1926-1968 


1926-1968 






56 


Darrah 


1973 


1930-1970 


1930-1970 


0.099 


0.033 


33 


Russell 


1974 


1930-1970 


1971-1973 


0.078 


0.063 


79 


Russell]: 


1974 


1930-1970 


1971-1973 


0.078 


0.049 


63 


Duvick 


1977 


1935-1971 


1972-1973 


0.088 


0.050 


67 


Duvick 


1977 


1935-1972 


1972-1973 


0.088 


0.053 


60 


Tapper§ 


1983 


1930-1970 


1980-1981 






42 


Tapper§ 


1983 


1930-1970 


1980-1981 






67 


Castleberry 










0.082 


75 


et al. 


1984 


1930-1980 1980-1981 


0.110 


Duvick 


1984 


1930-1980 


1978-1980 


0.103 


0.092 


89 


Duvick 


1984 


1930-1980 


1977-1979 


0.103 


0.073 


71 


Russell 


1984 


1930-1980 


1981-1982 


0.090 


0.071 


79 


Russell} 


1984 


1930-1980 


1981-1982 


0.090 


0.050 


56 



t Gains calculated basis U.S. corn yields by Castleberry et al. (1984); basis Iowa state 

yields for all other estimates. 
t Adjustments made to estimate gains because of difference between experiment and Iowa 

state average yields. \ 
§ Gains calculated relative to 1930-era. hybrids; first estimate— total yields, second 

estimate—machine harvest yields. 

The newer hybrids, 1970 or 1980, compared with hybrids of the 1930s 
had higher yields at all plant densities, and the differences generally were 
greater at higher plant densities. The newer hybrids had the genetic po- 
tential to take advantage of the higher number of plants per unit field 
area and, thus, to produce much higher yields than the older hybrids. 
The older hybrids generally had more barrenness at the higher plant 
densities than did the newer hybrids. Also, differences between the older 
and newer hybrids for lodging increased with higher plant densities, with 
the newer hybrids showing considerable superiority. 

Castleberry et al. (1984) compared cultivars from she decades, 1930 
to 1980, in low- and high-fertility conditions at one location for 2 yr. The 
high-fertility area had received normal fertilizer applications for 20 yr, 
whereas the low-fertility area had been in continuous corn and unfertil- 
ized since 1958. The higher fertility area received approximately 200 kg 
of N ha" 1 , 90 kg of P 2 0 5 ha"', and 150 kg of K 2 0 ha"* in 2 yr of test; 
the low-fertility area received no fertilizer. The yield response relative to 
decades of cultivars was 0.087 Mg ha^yr" 1 in the high-fertility condition 
and 0.051 Mg ha-'yr" 1 in the low-fertility condition. The newer hybrids 
were superior to the older cultivars in both fertility levels, and the su- 
periority was greater for the high-fertility area than for the low-fertility 
area. 

Duvick (1984) evaluated four single crosses representative of four 
decades, 1940 to 1970, at low, intermediate, and high N levels. His newer 
hybrids outyielded the older hybrids at all N levels, but the hybrid X N 
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four cultivars from each of seven eras (pre- 1930- 1980) and evaluated 
them in 12 treatment combinations of three plant densities and four N 
levels. Grain yields showed that the treatments (plant densities and N 
levels) were interdependent, and the interaction of the two treatments 
varied among cultivars; i.e., the densities X N levels X cultivars inter- 
action was statistically significant The newer cultivars, 1970 and 1980 
eras, were the highest yielding at all N levels, and each cultivar seemed 
to have a unique plant density-N level combination at which it produced 
a maximum yield. Differences among eras for N response showed no 
distinct patterns relative to the eras. 

Improvement for resistance to root and stalk lodging, which was 
necessary to permit machine harvesting and the use of higher plant dens- 
ities, was achieved. Selection for disease resistance has been an integral 
part of corn breeding for many years, yet there are little data that reflect 
directly on the effect of greater resistance to grain yield. Improvement 
for stay-green, which is primarily a visual rating for. plant health, has 
been well documented (Duvick, 1984; Tapper, 1983; Meghji et al., 1984; 
Russell, 1985a), and stalk quality is dependent upon total plant health. 
Stay-green may also reflect improvement for resistance or tolerance to 
second-generation European corn borer [Ostrinia nubilalis (Hubner)]. 
Duvick (1984) showed a continuous improvement in the resistance to 
second-generation European corn borer from the 1930 to the 1980 hy- 
brids, which would be conducive to greater stalk quality and reduced 

harvest losses. , _ 

The commercial use of single-cross hybrids has been made feasible 
by improvement of parental inbred Ones. Agronomic improvements in- 
clude cold tolerance such that germination and emergence are better, 
resistance to plant diseases and insects, resistance to barrenness, resis- 
tance to lodging, better pollen production, higher seed yield, and better 
seed quality. Duvick (1984) found that 1970 inbreds compared with 1930 
inbreds had a yield gain of 0.05 Mg ha-'yr"', or a total predicted gain 
of 2.0 Mg ha"'. Meghji et al. (1984) obtained no yield increase for 1950- 
compared with l"93Q-era inbreds, but the 1970-era inbreds had an average 
yield increase of 14.5% over the 1950 lines. Furthermore, the 1950- and 
1970-era inbreds were improved for plant health and resistance to lodging 
compared with the 1930 inbreds. Whereas in earlier years breeders se- 
lected lines primarily on the basis Of hybrid performance, now more 
emphasis is given to the development of lines that have greater vigor 
and, thus, higher seed yields. . 

Yield increases in other corn-growing countries began later than in 
the USA partly because improved cultivars, including hybrids, were not 
generally used until after World War II. For Europe, the estimated yield 
increase per hectare was 2.4-fold for 1969 to 1973 over 1934 to 1938 
(Trifunovic, 1978). In France, the yield increase per hectare was 3.2-fold 
for the same period. These increases occurred because of both improved 
cultivars and better field husbandry. WeUhausen (1978) reported that a 
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(1910) plea that, "My anxiety is not for success of the pure-line methods 
outlined by myself, but that serious experimentation shall be undertaken 
by every station within the corn-growing region for the purpose of dis- 
covering what is the best method." 

8-1.1.1 Pedigree Selection 

Pedigree selection is the most widely used breeding method to de- 
velop inbred lines for use as parents of hybrids. The types of populations 
sampled, methods of selection used, and the emphasis given to traits 
during selection have changed, but the basic principles of pure-line de- 
velopment are used. Initially, pedigree selection was practiced in the 
open-pollinated landrace cultivars that were adapted to the areas in which 
the breeding programs were located. Useful inbred lines (eg*, L317, L289, 
1205, Os420, WF9, etc.) were developed from the landrace cultivars, but 
it soon became obvious that repeated samplings of the same landrace 
cultivars were not productive. A logical sequel was to cross pairs of elite 
inbred lines that complemented one another, produce the F 2 generation, 
and practice pedigree selection by sampling the F 2 population. F 2 pop- 
ulations of single crosses are the most frequently (37%) used source pop- 
ulations for line development (Bauman, 1981). Other populations fre- 
quently used by U.S. breeders to initiate pedigree selection include 
genetically broad- (15%) and narrow-base (16%) populations improved 
by selection for specific traits, and populations (14%) formed by inter- 
mating elite inbreds that may be either related or unrelated (Bauman, 
1981). The choice of germ plasm depends on the breeding objectives, 
stage of development of breeding program, and germ plasm available. 

The scheme of the pedigree selection program depends on the skills 
of the individual breeder, primary breeding goals, the resources available 
for advancing the progenies, intensity of selection, and scope of testing. 
Different breeders emphasize selection for different traits because of lo- 
cally important pests at different stages of inbreeding. The intensity of 
selection will vary, depending on the effective screens available for pests, 
environments available, and types of material under selection. One com- 
mon feature, however, is that records #re kept for each progeny for the 
traits selected for each generation of inbreeding. 

Adequate sample sizes of the source breeding populations are nec- 
essary to include the range of possible segregants. In most instances, 
however, it is not possible to have ai sample size that includes the the- 
oretical number of possible genotypes for the segregating locL If, for 
example, the cross between two parents differed for five allelic pairs, the 
smallest theoretical F 2 population would require 1024 individuals; if the 
parents differed for 10 allelic pairs, the theoretical F 2 populations would 
include 1 048 576 individuals. Most of the traits emphasized in selection 
of lines are controlled by more than five genetic factors, and, therefore, 
compromises are made* for sample sizes because the breeder usually is 
sampling more than one population. Generally, the decision on sample 
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size depends on the heritability of the trait to be improved and(or) the 
experience of the breeder making the selections among progenies. Bau- 
man (1981) reported there was great variation among the initial sample 
sizes, with sample size of 500 being the more common. After the initial 
sampling, the number of progenies surviving in subsequent generations 
of inbreeding (without testcross evaluation) was quickly reduced. The 
idealized number of surviving progenies after sampling 500 plants (Si 
progenies) was reported by Bauman (1981) to be 180 in tide S 2 generation, 
80 in the S 3 generation, and 40 in the S 4 generation. Average selection 
intensities were 63, 56, and 50% in the S„ S* and S 3 generations, re- 
spectively, for visually selected traits. The breeders preferred use of smaller 
sample size in a greater number of populations rather than greater sample 
size in one Or two populations. 

The general procedure with use of F 2 populations is to initiate se- 
lection and selfing without any genetic recombination. The breeder usu- 
ally has a mental image of the ideotype desired, and, depending on the 
skill of the breeder, desirable ideotypes of the favorable parent can be 
recovered with slight modifications. Favorable linkages would be desir- 
able in these instances. The effects of random mating within F 2 popu- 
lations before sampling are not conclusive. Pederson (1974) and Bos 
(1977) have presented theoretical arguments against random mating in 
F 2 populations of self-pollinating species. Altman and Busch (1984) re- 
ported there was insufficient useful recombination to justify random mat- 
ing single-cross populations of wheat (Triticum aestivum L.) before ini- 
tiating selection. Humphrey et aL (1969) in tobacco (Nicotiana tobacum 
L.) and Nordquistetak (1973) in sorghum [Sorghum bicolor(L.) Moench] 
reported random mating increased genetic recombination which provided 
desirable recombinants. 

Empirical data for random mating single crosses of corn before con- 
ducting pedigree selection are limited. Covarrubias-Prieto (1987) esti- 
mated the variability among 100 S, progenies in F 2 populations of B73 
X Mol7 (cross of unrelated lines) and B73 X B84 (cross of related lines) 
and after five generations of random mating 250 plants in each F 2 pop- 
ulation. Objectives of the study were to determine if random mating was 
effective for increasing genetic variability in populations formed from 
single crosses and if the relatedness of the inbred lines used to make the 
cross was an important consideration for random mating Preliminary 
evidence suggests that random mating did not increase genetic variability 
in either F 2 population. Estimates of the S, components of variance were 
similar for the F 2 and F 2 random mated six times. Indirect evidence 
suggests that selection and intermating are effective via use of recurrent 
selection procedures (e.g., B14, B37, B73, and B84 derived by pedigree 
selection from cycles of selection in BS13). 

Pedigree selection will always be an important component of modern 
corn-breeding programs. Based on surveys by Hallauer (1979) and Bau- 
man (1981), it seems pedigree selection will be emphasized in populations 
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with a restricted genetic base. Because of the availability of elite lines 
and competition among private companies to provide high-performance 
hybrids, germplasm sources that include favorable linkages will be used 
to increase the odds of recovering elite lines and hybrids. The skills of 
the breeder in selection and the precision of testing have been found 
effective for developing improved lines and hybrids by pedigree selection 
(Duvick, 1977; Bauman, 1977). Except for germplasm sources, the meth- 
ods of selection and hybrids currently produced and grown are those 
described by Shull (1909, 1910). 

8-1.1.2 Backcrossing 

Backcross method of breeding is a modification of the pedigree method 
and is an important component of most breeding programs. Bauman 
(1981) reported that 17% of the total effort for inbred line development 
was allocated to backcross sources. The main difference between back- 
cross and pedigree selection is in the objective of the crosses and the level 
of recovery of the recurrent parental genotype. The complexity of the 
backcross method depends on type of trait being transferred (single gene 
vs. several genes), level of expressivity, whether cytoplasmic or nuclear 
inheritance, and the types of parents included in the crosses. For single 
gene traits that are relatively easy to classify, the backcross method is 
effective and relatively easy to manage. For traits that have a more com- 
plex inheritance, the backcross method requires greater selection pressure 
for the desired trait, but it has been successfully Used to transfer traits in 
which the effects of individual genes were not known (e.g., Duvick, 1974). 

Modifications of the backcross method have been suggested. Con- 
vergent improvement was a concept developed by Richey <1927) for the 
parallel improvement of two inbred lines by the reciprocal addition of 
dominant favorable genes present in one line but lacking in the other 
line. Richey and Sprague (1931) and Murphy (1942) presented experi- 
mental evidence that convergent improvement was effective for yield 
improvements of the recovered lines and their respective single crosses. 
However, convergent improvement is apparently not an important com- 
ponent of current breeding programs. 

For traits that have a more complex inheritance, usually some mod- 
ifications are needed to transfer the trait effectively. Bailey (1977) and 
Johnson (1980) presented formulae and examples of the probabilities of 
recovering more than "n" loci with "x" favorable alleles. Their theoretical 
calculations, based on F 2 populations where p = q = 0.5 for segregating 
loci, support the experiences in breeding. If the trait being transferred 
has a high heritability (nearly 100%) for a trait, such as Ht conditioning 
resistance to Helminthosporium turcicum Pass. (Hooker, 1961), the 
chances of recovering the favorable alleles of the recurrent parent are 
good with successive backcrosses. Tight linkages of unfavorable alleles 
with the gene being transferred from the donor parent would, of course, 
affect the outcome in an obvious manner (Bailey and Comstock, 1976). 
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use in the conversion of inbred lines from normal to sterile cytoplasms. 
Each of the methods has been used and tested, but it does not seem they 
are important components of most breeding programs. Although the 
methods are capable of rapid development of homozygous inbred lines, 
they would represent a random sample of genotypes that would require 
the standard methods of evaluation (Thompson, 1954). 

Somaclonal variation within inbred lines submitted to tissue culture 
has been reported (Edallo et al., 1981; McCoy and Phillips, 1982; Earle 
and Gracen, 1985; Lee et al., 1988). Hence, it seems genetic variation 
can be derived within inbred lines for selection without making crosses 
between lines to create genetic variability. Most of the variation observed 
phenotypically is due to single genes; e.g., albinos. If, however, genetic 
variation for traits conditioned by 20 or moire genes approaches a normal 
density distribution, tissue culture may permit the recovery of second- 
cycle lines that include the original genome that also include a gene(s) 
for other traits; e.g., resistance to a specific herbicide. Tissue culture would 
have the advantage over other breeding methods for creating variation 
within an inbred line. The disadvantages, however, would be the same 
as for the other standard breeding methods: restriction of germ plasm 
and the probabilities of recovering all the favorable genes of the original 
line may be low. The genetic changes seem to occur randomly, and, 
consequently, it would be necessary to evaluate the derived materials 
similar to other breeding methods (Lee et al., 1 98 8). Somaclonal variation 
is a recent source of genetic variability that may have an important role 
in breeding programs. But pedigree and(or) backcross breeding methods 
will be used to determine its future use. 

8-1.1.5 General 

After the initial sampling of the landrace cultivars, breeding methods 
that emphasized inbred line modification have been widely used. A few 
inbred lines (e.g., B14, B37, C103, and Oh43) possessed traits considered 
important as lines themselves and in crosses with other elite lines. The 
lines were included in pedigree and backcrossing breeding programs to 
modify certain traits (e.g., earlier flowering strains of A632 and CM105 
with B14 background and of A619 with Oh43 background), improved 
pest resistance (e.g., improved first-generation European corn borer re- 
sistant strains of B64 and B68 with B14 background and of B76 with 
B37 background), and improved ear shoot emergence (e.g., Mol7 with 
CI 03 background and B76 with B37 background). Because of the nature 
of the traits under selection, combinations of pedigree and backcross 
methods sometimes were used to attain the level of expression needed 
for effective selection. Development of lines B64 and B68 is an example. 
Both lines were derived from an initial cross of B 14 and Amargo 41.2504B 
made in 1950. B14 was susceptible to first-generation European com borer 
leaf feeding, whereas Amargo 41.2504B, an introduction from Argentina, 
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had first-generation, leaf-feeding resistance. The objective of the cross 
was to increase the level of resistance to first-generation European com 
borer leaf feeding in B14. Two backcrosses were made to B14 to recover 
Sb14 genotype, but with selection for leaf-feeding resistance under 
artificial infestation. B64 was developed from the second backcross gen- 
eration (Amargo 41.2504B X B14') with the use of standard pedigree 
Son methods andreleased in 1964 The level of resis^ re^ve 
to Amargo 41.2504B, however, decreased wim backcrosses to . BML Sdbd 
progenies from the second backcross were artificially infested wUh corn 
borer egg masses. Progenies that exhibited higher levels of resistance > to 
toffedtag were intermated. Selected progenies from the first mtermated 
generation also were infested, rated, and intermated to form the second 
^ration of intermating. Pedigree selection .was initiated in tiie second 
Ltermated generation and B68 was released m 1966. Altiiougl t B 64and 
B68 were derived from the same backcross generation, the Affimmin 
breeding methods used (standard pedigree selection for B64 and ^rnter- 
mating, selfing, intermating, and seven generations of selfing for ^B68) 
S3 lines with differences large enough to justify release In addition 
to me breeding methods used for developing B64 and B68, the source of 
germplasm also has been a contributing factor in their use (Zuber and 
Darrah, 1980). Because B64 and B68 also possessed tolerance to corn 
lethal necrosis, which is caused by a combination ?t™\ d ^™ s ™ 
virus (strain B) and maize chlorotic mottle virus (Doupnik et al., 1981), 
ATigoT2504B also seems to have contributed genes for tolerance to 

^The^n^ion of late-maturity lines to earlier derivatives is another 
illustration of the effective combination of breedmg methods to develop 
second-cycle lines that have earlier maturity. The methods used to .de- 
velop earlier maturity derivatives depend on the inbred lme bea con- 
verted and the source of earlier maturity. B14 has acceptable stalk strength, 
good pest tolerance, rapid grain dry-down and good combmmg ability 
for the central U.S. Corn Belt Because of these favorab e traits, it was 
considered desirable to obtain earlier maturity second-cycle recoveries of 
B14 for use at higher latitudes. Earlier maturity recoveries have been 
obtained, but the breeding methods used have varied. In most instences, 
early-by-late crosses are produced with subsequent selection for the late 
phenotype that has earlier maturity. Rinke and Sentz (1961) outlined die 
breeding methods used in Minnesota. Their program was successful [for 
developing earlier maturity recoveries of genotypes that have been widely 
used incommercial hybrids (Table 8-2). A632 and A634 were obtained 
from a cross of Mt42 X B14. A632 was extracted by pedigree selection 
after the third backcross to B14. A634 also included three backcrosses to 
B14, but there was one generation of selfing after the first backcross; there 
were two additional backcrosses made to B14 after one generation of 
selfing. A635, A640, and A641 were selected from a cross of ND203 IX 
B14; A635 was selected after two backcrosses to B14, whereas A640 and 
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Table 8-2. Breeding methods used in the development of earlier maturity lines from early 
x late crosses. Adapted from Rinke and Sentz (1961). 



Breeding method after cross 
No. of generations 

Backcrosses to Self- 
late parent fertilization 


Frequency of 
late parent 


Example of 
method 




no. 






4 


S 


5 


A671 


3 


4 


4 


A632, A634 


2 


5 


3 


A635 


1 


6 


2 


A619, CMlOSt 


0 


7 


1 


A640. A641 



t CM105 developed by John Giesbrecht (1974, personal communication). 



A641 were pedigree selected directly from the F a generation. Although 
Mt42 and ND203 have similar flowering dates (about 85 d), selection for 
earlier flowering progenies with genotypes similar to B14 must have been 
easier in crosses to ND2G3 than to Mt42. In a separate program, CM105 
was developed by pedigree selection in the first backcross generation of 
the cross, CMV3 X B14 (J. Giesbrecht, 1974,' personal communication). 
Hence, earlier derivatives of B 14 were obtained after three (A632 and 
A632), two (A635), one (CM105), or zero (A640 and A641) backcrosses 
followed by pedigree selection. The combination of breeding methods 
depends on the heritability of the trait, expressivity of the trait from the 
nonrecurrent parent in the cross, and the extent one wishes to recover 
the phenotype of the recurrent parent Table 8-3 illustrates briefly some 
of the methods suggested for managing late X early crosses. Similar meth- 
ods could be used for other traits. 

The traditional pedigree selection methods of corn breeding ob- 
viously have been effective (Duvick, 1977; Russell, 1974, 1984, 1986). 
But there has been concern that the genetic base of the germ plasm in- 
cluded in breeding programs has become restricted to a few elite geno- 
types (Anonymous, 1972, p. 97-1 18). Jenkins (1978) emphasized that the 
intercrossing of elite lines and reflection to develop second-cycle lines 
gradually limits the genetic base of the breeding germ plasm. Second- 
cycle lines have become the main component of present-day breeding 
programs, at least for lines released by public agencies. Jenkins (1936) 
listed 350 lines released by public agencies of which only eight (2%) were 
second-cycle lines. The trend has increased in subsequent decades, and 
it is estimated that by 1976 76% of the lines released by public agencies 
were second-cycle lines. The same trends seem to have occurred in the 
private sector (Smith, 1988). 

Some of the limitations of the pedigree method of breeding were 
suggested by Bailey and Comstock (1 976) and Bailey (1 977) in simulation 
studies. They studied intra-line selection within an F 2 population devel- 
oped from a pair of inbred lines followed by selection among pure lines. 
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Table 8-3. Breeding selection methods suggested and used for developing early lines from 
early by late crosses. 



Season Rinke and Sentz (1961) 



Bakert 



Troyert 



1 Early x late cross 



Early x late cross 



2 Produce P, 600 plants Produce F, 



3 Backcross (BQ earliest 

F, to late parent 

4 Grow 15 BC ear-to-row 

with 100 plants per 
progeny. Self or BC 
10 early plants in 3 
early progeny rows 

5 BC or self BC. Select 

earliest plants in early 
progeny rows in each 
generation. 

6 BC or self BC. Select 

earliest plants in early 
progeny rows in each 
generation. 

7 BC or self BC. Select 

earliest plants in early 
progeny rows in each 
generation. 

8 Yield test topcrosses 

9 Make selections 
10 Make selections 



Self earliest F, plants 

Self earliest plants in 
early progenies with 
late parent phenotype 



Self earliest plants in 
early progenies with 
late parent phenotype 

Self earliest plants in 
early progenies with 
late parent phenotype 

Yield test for GCA 



Backcross best to late 

parent 
Backcross best to late 

parent 
Backcross best to late 

parent 



Balanced set early x 

late crosses 
Yield test for GCA and 
• SCA Produce F, 
Self earliest 5 to 10% F t 

plants 

Sib or BC earliest plants 
to late parent 



Grow 800 plants and self 
or BC to late parent 
the earliest 5 to 10% 

Grow 800 plants and self 
or BC to late parent 
the earliest 5 to 10% 

Repeat BC or begin ped- 
igree selection 

Repeat BC or begin ped- 
igree selection 

Repeat BC or being ped- 
igree selection 

Repeat BC or being ped- 
igree selection - 



t Raymond Baker and A.F. Troyer (1982, personal communication). 



The objective of thetf studies was to determine. the relative probabilities* 
of accumulating in one derived progeny all of the favorable alleles present 
in either one of inbred lines used to produce the cross. Chances of success, 
of course, depended on the parents included in the cross. If one parent 
of a cross is decidedly better than the other parent, as in the case of B14 
compared with Amaigb 4L2504B, the chances of obtaining a derivative 
line superior to the better parent are remote. If the two inbred lines 
included in the cross differ in alleles for a moderate number of loci (e.g., 
25 or more), it is unlikely that all of the favorable alleles would be as- 
sembled in one line. The other situation examined included two inbred 
lines that had equal numbers of loci with favorable alleles; e.g., each line 
included 15 favorable alleles of the 30 loci heterozygous in the F,. The 
probability of obtaining a derivative line from this . cross that is homo- 
zygous for 16 or more favorable alleles is 0.825, and the probability that 
a derived line is homozygous for 20 or more favorable alleles is 0.292. 
Johnson (1980) also concluded from a theoretical study that little or no 
progress could be expected from pedigree selection unless the parents 
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were nearly equal in value. The theoretical simulation studies support 
the general observation that selection is more productive within popu- 
lations developed from crosses of good lines X good lines than from 
crosses of good lines X poor lines. The latter situation is reserved pri- 
marily for transferring specific traits that are not available from crosses 
of good lines. 

Although Jenkins (1978) suggested more attention should be devoted 
to broadening the genetic base of new breeding germ plasm, practical 
considerations often limit a breeder's choice of germ plasm. New alleles 
can be introduced from other sources, but new sources usually do not 
meet the performance standards of the elite germ plasm cuixently avail- 
able. The chances of obtaining lines that exceed the currently available 
well-evaluated inbred lines are not good Hence, the tendency is to con- 
tinue to recycle elite inbred lines that have demonstrated performance 
in hybrids. Other sources of germ plasm will not be used until they have 
been developed to be competitive with current germplasm sources. 

8-1.2 Developing Inbred Lines 

The development of inbred lines by self pollination and the evalu- 
ation for hybrid performance is the basic procedure in corn breeding 
programs of the U.S. Corn Belt and in many other areas where corn 
breeding is done. Information from research and experience has increased 
effectiveness of breeding procedures compared to earlier years. Breeders 
continue to search for better methods that will be more effective in the 
development and identification of inbred lines that ha ve the genetic po- 
tential to contribute superior agronomic performance to hybrids. The 
breeder seeks the procedure that permits the greatest genetic gain per unit 
of resource input. 

Most applied breeders seem to use similar procedures, with minor 
variations such as plant densities, number of plants per progeny row, 
number of self pollinations per row, generation at which to start hybrid 
testing, etc. Probably there is considerable similarity of germplasm sources 
used by breeders.in different programs. Most breeders use an ear-to-row 
system with inbreeding and selection for several generations until a line 
is highly homozygous and homogeneous. Some breeders may use only 
two or three generations of self pollination with subsequent reproduction 
by sibmating within progenies. This latter procedure will produce some- 
what more vigorous lines that yield more seed and produce more pollen 
than highly inbred lines, but genetic stability may be a problem. Although 
the single-seed descent procedure used by breeders of self-pollinated crops 
is used by few corn breeders, there may be a use for it (Brim, 1966). For 
example, in winter nurseries where the cost per unit land area is high, 
single-seed descent may be useful to advance a generation for a large 
number of lines at the S, or S 2 level of inbreeding. 

One system of inbred-line development relies on phenotypic selection 
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among and within ear-to-row progenies for several selfing generations 
before evaluation for hybrid performance. Selection is performed to iso- 
late lines with resistance to important pests, maturity for certain areas 
of adaptation, plant canopy type, ear size, and grain quality. These traits 
have reasonably high heritability estimates and are deemed necessary for 
hybrid performance. For the first progenies of self pollination, S t lines, 
the additive genetic variance among lines is ojL- and this becomes laj, 
when F = 1. The within-line genetic variance is maximum in the Si 
generation, but decreases rapidly with self pollination and is zero when 
F = 1. Consequently, phenotypic differences among lines increase with 
continued self pollination in ear-to-row progenies, but success of selection 
within a line becomes reduced usually by the S 3 and later generations. 
Therefore, selection effort should be directed primarily to among prog- 
enies and less within progenies as inbreeding continues. Testing for hybrid 
performance may be delayed to about the fifth generation of selfing when 
the number of selections should be greatly reduced. This breeding system 
assumes favorable relationships of plant, grain, and ear traits of inbred 
lines with combining ability for grain yield; thus, the selected lines should 
be better for hybrid performance than would a random set of lines from 
the same source (Jenkins, 1935; Sprague, 1946). v 

A second system of inbred development is based on an evaluation 
for hybrid performance in the early generations of self pollination; e.g., 
testcrOsses of the So plants or S, lines. Genotypes that are identified for 
above-average hybrid performance in these tests are continued in the 
selfing and selection nursery. The procedure has been called "early testing," 
and the assumption is that the combining ability of a line is determined 
early in its development 'and will change relatively little in subsequent 
generations of inbreeding and selection. By early testing, the breeder is 
able to discard some portion of lines that are inadequate in hybrid per- 
formance, thus expending resources on materials that have more promise. 
Jenkins (1935) proposed the early testing procedure; . - : 
Sprague (1946), Lonnquist (1950), Russell and Teich (1967), Hallauer 
and Lopez-Perez (1979), Johnson (1980), and Landi et al. (1983) pre- 
sented data that support it Russell and Teich (1967) also found that 
visual selection of inbred lines in a high plant density was just as effective 
as the early testing procedure in the identification of lines with above- 
average hybrid yield performance. The original objective of early testing 
seems valid because the only purpose is to identify those fines that are 
relatively good or poor and to emphasize selection for those that have 
above-average combining ability. Proponents do not claim that one should 
expect an exact ranking at two different stages of inbreeding. 

Probably most breeders use a method that is intermediate between 
the two systems just described, i.e., first hybrid evaluations are of S 2 or 
S 3 lines. Bauman (1981) found in his survey that breeders begin evalu- 
ations as follows: S* 18%; S 3 , 33%, S 4 , 27%. Consequently, testing for 
hybrid performance and selfing and selection are being done simulta- 
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neously. Regardless of the system used, a selected line must be one that 
can be used profitably in commercial hybrid seed production either as a 
male or female parent 

Self pollination of individual plants within single-plant progenies 
grown ear-to-row is the most common procedure used to develop inbred 
lines. This breeding procedure has two important problems: (i) Vigor of 
the lines is decreased with inbreeding because of loss of favorable dom- 
inant alleles and any heterozygous loci that have overdominant effects. 
Many lines are so poor in seed yield, pollen production, or some other 
desired agronomic attribute that they cannot be used in a program to 
produce single-cross hybrid seed (ii) Effective selection within the row 
for plants that have desired agronomic traits becomes minimal in gen- 
erations beyond S 3 ; frequently, phenotypic uniformity is evident by the 
S 2 generation. Once the locus becomes homozygous in a line no further 
selection, for segregating types is possible. 

A second system that may be used to develop inbred lines involves 
some method of sibmating rather than self pollination. Stringfield (1974) 
has called this a conservative procedure, and he has given a theoretical 
discussion of the advantages of such a method compared with the de- 
velopment of lines by self pollination. Sib-mating permits the recombi- 
nation and segregation for loci that have more than one allele in the 
progeny, thus giving the breeder more opportunity to select for desirable 
attributes. If sfl>matihg per progeny involves enough plants, inbreeding 
will be at a slower rate so that the plants are more vigorous than in a 
highly inbred line. Such lines would be better for seed yield and pollen 
production and, therefore, fewer such lines would have to be discarded 
because they couldn't be used in single-cross hybrid seed production. Sib- 
mated lines would have some level of genetic heterogeneity; thus, crosses 
of such lines would have less aesthetic value in hybrid appearance, which 
seems important to many producers. Greater heterogeneity, however, 
may give greater stability of field performance. Stangland and Russell 
(1981) reported that the variability within hybrids of S 2 X S 2 lines was 
similar to hybrids that have related-line crosses for parents, but less var- 
iable than double, crosses. Such lines may have gene frequency changes 
over a period of several generations of maintenance. Because of the het- 
erogeneity of loci it may be more difficult to insert some single genes, as 
for disease resistance, or to convert to male-sterile cytoplasm by a back- 
cross procedure. Also, it will be more difficult to identify contaminants 
in lines that are not highly inbred. 

An important problem in a conservative program as outlined by 
Stringfield (1974) is the number of lines that one could develop for eval- 
uation. Considerable time is required to select plants for sib mating at 
pollination and again at harvest, which means that it is more time-con- 
suming than the standard practice of self pollination. Alsd, the success 
is dependent upon the ability of a person to select those plants that have 
the desired attributes (Mock and Pearce, 1975). Consequently, it is not 
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a procedure to be used by untrained personnel who do much of the 
pollination in corn-breeding nurseries. 

8-1.3 Correlation of Inbred Traits with Hybrid Performance 

Breeders assume favorable correlations between plant ear, and grain 
traits of the parental lines and performance in hybrid combination. Sev- 

2* fate hybrid is relatively high, except for -yield, ^ughmany r 
values of inbred traits, including yield, with hybrid yield have been po* . 
mve and Sant, in most instances they have been too low to be of 
pScSve Consequently, extensive evaluation in hybrid progenies 
is reouired to determine the true value of an inbred. . _ . . 

The earUe^ -correlation studies (Jenkins, 1929; Hayes and Johnson 
1939) were done in field husbandry conditions that were a a much lower 
nroductivity index than those now used in corn production. The rela- 
tiomhiD between inbred traits and hybrid performance, however may 
be Ser in a higher productivity environment with the improved cul- 

^Results from twotoeding methods studies (Russell and TeicM967; 
El-lSy and Russell, 1971) suggested that greater relationships may 
L^en materials are grown in stress ^^£^1?^ 
plant densities. Data were presented by Russell and Mach ado (J978) on 
Fnbred Unes and correlations of inbred4ine traits with hybnd yields when 
materiairwere gr^wn at different densities. The source population was 
BS?3iSwWch is genetically-diverse and adapted to the U.S. Com 
Belt After four generations of phenotypic selection and self polhnat ion 
S, to S? they had 76 S 5 liiies. The lines were evaluated in relatively low 
and high plant densities and testcrosses of the «» 
testert^ere evaluated in low, intermediate, and high plant densities. 
A^ougTme Unes had been selected rigorously for severnl ^ agronomrc 
trahs Sere were highly significant differences among the lines for 13 
SSS Ako^SS» highly significant differences among 
SeTfoScross^ 

density of the inbreds had correlations withhybrid y^J^™*]*£ 
enoueh to be of predictive value. Only leaf area showed an important 
Satifnsmp and h was greater for the lower density than for the higher 

of the testcrosses. For ear and grain traits, except grain yield, r values 
were slightly greater at the higher inbred density, but changed ^little from 
melowS to me highest density oftJjetes^ 
r values were greater at the higher inbred density, but changed little ^frorn 
the lowest to the highest density of the testcrosses. *?<%™^ m *l* 
yields at the low density correlated with testcross yields at low , inter, 
mediate, and high densities had r values of 0 33, 0.28 ^ OSV for 
inbreds at the high density and testcross yields at low, intermediate, and 
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Essential Derivation and Dependence 

Practical Information. 



WHY THE CONCEPT OF ESSENTIAL DERIVATION? 

ti%^*££* oZr varied or for the marketing of such vanet.es". 

That prindpte, known as the "breeder's exemption", is essential for continued progress 
from plant breeding. 

c«™«m»« -cosmetic modifications" were enough for protecting a new variety. That 
"conversion" by repeated backcrosalng of parental lines of hybrid varietie s 

-* ' a technical one: the question whether or not a plant variety is to be 

• S£ as a variety ^^^SZ^^^ by 
a juridical one: dependence, meaning that no protect^ acts as aewwsai °Y 
ttie 1991 Act of theUPOV Convention product™, marketing -) related to 

essential!? derived variety shall be carried out without the authonzation of 
the owner of the protected initial variety. 

DEFINITION OF AN ESSENTIALLY DERIVED VARIETY 

The 1991 Act of the UPOV Convention statea that "a variety shall be deemed to be 
e^ntiallyderived from another variety (the initial variety) when: 

i it is nredominantlv derived from the Initial variety, or from a 
Jwto^^VrioanUy derived from the initia variety. 
2 ffing | toe expression of the essential characteristics that 
rosSt from SI genotype or combination of genotypes of the .mtial 
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variety; 

II. it is dearly distinguishable from the initial variety and 

HI exceottorthe differences which resultfroro the a«£oide^ton. 
it conforms to the initial variety in the express.cn of the essential 
SSScs that result from the genotype or comb.nat.on of 
genotypes of the initial variety. 

ASSINSEl inttrprets U» dofW«on 91™ in Ihe Conwnton aa follows: 



The technical aspacte (matter of fects) 



of the initial variety: 

I. clear distinctness In the sense of the UPOV Convention 

li conformity to the Initial variety in the expression of the "£W»*W 
chaSrisSstnat result from the genotype or combination of 
genotypes of the initial variety 



Hi. 



predominant derivation from an initial variety. 



If one of these requirements is not fulfilled, there is no essential derivation. 
The methods of breeding 

species or even within a species basis. 

b) Tha Juridical aspect 

The principle of dependence only exists in favour of a protected variety. This means 
that 

t. the initial variety must be a protected one 

||, dependence can only exist from one protected variety alone 

in an essentially derived variety can be directly derived from the 
ini Jva?S o from a variety that is itself predominancy derived 
frnm the inMal variety it is possible to have a "cascade" of 
STvaS ^ How^Teach Ssentially derived variety shall only be 

nn one the protected initial variety. A cascade of 
SSSSi!tS^SSS^» principle having been introduced to 
iSS^SmS^^iim^tieti, and notthose having 
made derivations from his work. 
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ASSESSMENT OF ESSENTIAL DERIVATION 

" The assessment of essential derivation needs to take into account the three criteria 
mentioned above: 
« clear distinctness in the sense of the UPOV Convention 

of the initial variety . 

$ predominant derivation from an initial vanety. 

^^^^^^^^ 

derivation from an initial variety", 
process. 

In order to prove that use, various criteria or a combination thereof may be used: 

*p combining ability 

$ phenotypfc characteristics 

# molecular characteristics. 

ScSns consider ES^^^^^gmore 
i SS oMecular ma k e rs, that should be possible. 

The interest of using combining ability and the heterosis level will strongly depend on the 
crop. Thresholds will also be necessary. 

tu • .« a<5qim<?FI Sections are considering the establishment of thresholds far 
^SS^SSShSSSSX mrij to •* <b«o*9 Q— ■"•**■ 

n^ varieS Should that information be unsatisfactory, the tnbunal or ot 
StSSconciilators agreed on by both parties may request breeding 
records be provided for their examination. 

11/14/2005 
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Essential Derivation and Dependence - Practical Information * 
This approach may be diagrammed as foltows: 
I 

r Zona of non-derivation (Zone 1) 
I 

— Threshold No.1 

i 

^ Zone of uncertainty (Zone 2) 

— Threshold No.2 

1 Zone of non-distinctness or of Indisputable derivation (Zone 3) 




— 100% 

Scale of genomic conformity 



the implementation of the scheme. 

While this approach may be worthwhile, it also presents some obvious difficulties: 
Breeders have so far been unable to agree on threshold levels for any 

Ivfn'Tfihe thresholds adopted by the industry had merit, they will not 
* resent an absolute certainty and a court of law could pass judgment on 
other bases or guidelines. 

Nevertheless, this approach does provide some framework in which breeders might 
proceed. 

CONSEQUENCES FOR THE BREEDERS 

-in. ^neeots of derivation and dependence do not, fortunately, abolish the "breeder's 
IJiSS-whteh Is isKated in the 1991 Act However, ^gametfc Mmpmygmso ;or 
Sff whS SS \SSSL have allowed the creation of MMM m the 
Bs 931 ^^ i ipnv cnnvantion will no longer allow the creation of independent 
SS?^ S^SSifar a hreedL: SLy and biologic ^. dtanflugp 

a) Choice of the parents 

Breeders should be certain of their legal access and freedom to use *F™< 

exemption". 

b) Breeding methods 

Any conventional breeding method could, in theory, provide an essentially derived 

11/14/2005 
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vane*. Certain methods appear to give a hfcher risk of deveioping essentiaBy derived 
varieties. Among these methods we mclude. 

# natural or induced ^^S^ ns sta , continue on the number of 

m repeated backcrosses, (discussions sou «"* ghown jR 

baVkcrosses which could^ lead toJ^JJJ^,,,, authors of 
the French text of ^^SSSS^ bS^SSU word being written 

^ transformation by genetic engineering. 

c) Development of technical Information 

[„ the frame of P"^P a, ^S^ In e»S- See! thresholds wis conte 10 exist In 

breeders will need: 

a good knowledge of the range of phenoty pic, molecular and physiological 
variability* varieties [^^^J^^icdprdaBsoffMifQ^ 

to know the ?^°^\ m ^Z^k^&^\ss their breeding histories 
material and their experimental varieties, as wen as u 
and documentation of legal access. 

SK&X5£2 n-»s— """""'"si 

d) Keeping of breeding books 

* ■„ k„w« rtrt iu at least In the zone of uncertainty (orange zone), will not 
Conformity thresholds only,. at tea* ' ' n in "°^ In ^ of nt'gaflon, information on 
allow a decision on fj^J^S!lSniniS± Thus! breeders will need to 
parental material and ^'^SJ^^ragebreedOT to seek 

important records. 
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Essentially Derived Variety 

Whit is nn "F~»"' ia " v DerivejtYjariftty?2 

^concept of essentianvdenved^ 

Convention in order to avoid J^ f ^*^ ^^ ggplfe was becoming 
engineering. 

variety. 

As Indicated a. an exampl. hi. OjJJ-Jyj-M} ^SSSSSS. 
transrormatlon by genetic engineering. 

Th. commerci^on of an M-Mlf™* ^ aU,h °' iZat, ° n * ** 

owner of the rights vested in the Initial variety. 

The exceptor esaant^^ 

encouraging breeders developing and marketing orig.na. vanet.es. 
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The opinion in support of the decision being entered today was not written 
for publication and is not binding precedent of the Board. 



UNITED STATES PATENT AND TRADEMARK OFFICE 



BEFORE THE BOARD OF PATENT APPEALS 
AND INTERFERENCES 



Ex parte William D. Griffith 



Appeal No. 2004-1 968 1 
Application No. 10/000,311 



ON BRIEF 

Before SCHEINER, ADAMS and GREEN, Administrative Patent Judges . 
ADAMS, Administrative Patent Judge . 

DECISION ON APPEAL 
This is a decision on the appeal under 35 US.C. § 1 34 from the 
examiner's final rejection of claims 6, 12-19, 21 , 24, 26-28 and 30-31. The 
examiner has indicated that claims 1-5, 7 and 9-1 1 are allowable. Page 3, Final 
Rejection, mailed July 1, 2003. Claims 20, 22, 23, 25, 29 and 32 are cancelled. 
The only remaining pending claim is claim 8. While appellant recognizes (Brief, 



1 This appeal is substantially similar to Appeal No. 2004-1503, Application No. 09/606,808; 
Appeal No. 2004-1506; Application No. 09/788,334; Appeal No. 2004-2317, Application No. 
09/771,938; Appeal No. 2004-2343, Application No. 09/772,520; and Appeal No. 2005-0396, 
Application No. 10/077,589, which all share the same assignee, Monsanto Company, the parent 
of wholly-owned subsidiary DeKalb Genetics Corporation. Accordingly we have considered these 
appeals together. 



MAILED 

MAR 3 I 2005 



Appeal No. 2004-1968 Page 2 

Application No. 10/000,311 

page 2) that claim 8 was rejected in the Final Office Action 2 , appellant does not 
include claim 8 as part of the subject matter of the instant appeal. Jd., see also , 
appellant's statement of the Issues on Appeal (Brief, page 3), which does not 
include claim 8. In this regard, we note, appellant's statement (Brief, page 19), 
"[t]he rejection of claim 8 concerns a minor clerical error easily corrected by 
amendment and thus has not been appealed. The examiner also recognized 
(Answer, bridging sentence, pages 2-3), "the indefiniteness rejection of claim 8 is 
not being contested...." Since appellant has conceded to the examiner's 
rejection of claim 8 and has not placed claim 8 before us on appeal, we have not 
considered claim 8 in our deliberations. 

Claims 6, 12, 17, 19, 26 and 30 are illustrative of the subject matter on 
appeal and are reproduced below. In addition, for convenience, we have 
reproduced allowable claims 1 , 2, and 1 1 below: 

1 . Seed Of corn inbred line designated LH321 , representative seed of said 
line having been deposited under ATCC Accession No. . 

2. A corn plant, or parts thereof, produced by growing the seed of claim 1 . 

6. The corn plant of claim 2, wherein said plant is further defined as 
comprising a gene conferring male sterility. 

1 1 . A method for producing a hybrid corn seed comprising crossing a first 
inbred parent corn plant with a second inbred parent corn plant and 
harvesting the resultant hybrid com seed, wherein said first inbred parent 
corn plant or second said parent com plant is the corn plant of claim 2. 



2 According to the examiner (page 3, Final Rejection, mailed July 1 , 2003), claim 8 remains 
"rejected under 35 U.S.C. [§] 112, second paragraph, as being indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant regards as the invention, as 
stated on pages 10-1 1 of the last Office [Ajction." At page 10 of this "last" Office Action, mailed 
January 1 3, 2003, the examiner finds "(cjlaim 8 is indefinite in its recitation in line 1 of 
'the...protoplasts' which lacks antecedent basis in claim 6. Amendment of claim 8, line 1 to delete 
'the' before 'cells' would obviate this rejection." 
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12. A hybrid corn seed produced by the method of claim 1 1 . 

17. A method for producing inbred LH321 seed, representative seed of which 
have been deposited under ATCC Accession No. , comprising: 

a) planting a collection of seed comprising seed of a hybrid, one of 
whose parents is inbred LH321, said collection also comprising 
seed of said inbred; 

b) growing plants from said collection of seed; 

c) identifying inbred parent plants; 

d) controlling pollination in a manner which preserves the 
homozygosity of said inbred parent plant; and 

e) harvesting the resultant seed. 

19. A method for producing a LH321 -derived corn plant, comprising: 

a) Crossing inbred corn line LH321, representative seed of said line 

having been deposited under ATCC [Accession [N]umber , 

with a second corn plant to yield progeny corn seed; and 

b) Growing said progeny corn seed, under plant growth conditions, to 
yield said LH321 -derived com plant. 

26. The corn plant, or parts thereof, of claim 2, wherein the plant or parts 
thereof have been transformed so that its genetic material contains one 
or more transgenes operably linked to one or more regulatory elements. 

30. A method for developing a com plant in a corn plant breeding program 
using plant breeding techniques comprising employing a com plant, or its 
parts, as a source of plant breeding material comprising: using the corn 
plant, or its parts, of claim 2 as a source of said breeding material. 

The references relied upon by the examiner are: 

Hunsperger et al. (Hunsperger) 5,523,520 Jun. 4, 1 996 

Eshed et al. (Eshed), "Less-Than-Additive Epistatic Interactions of Quantitative 
Trait Loci in Tomato," Genetics , Vol. 143, pp. 1807-17 (1996) 



Kraft et al. (Kraft), "Linkage Disequilibrium and Fingerprinting in Sugar Beet," 
Theoretical and Applied Genetics . Vol. 101, pp. 323-36 (2000) 
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GROUNDS OF REJECTION 

Claim 6 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrase "further defined as comprising a gene 
conferring male sterility." 

Claims 26-28 stand rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrase "transformed so that its genetic material 
contains one or more transgenes." 

Claims 6, 12-19, 21, 24, 26-28, 30, and 31 stand rejected under the 
written description provision of 35 U.S.C. § 112, first paragraph. 

Claims 6, 12-19, 21, 24, 26-28, 30 and 31 stand rejected under the 
enablement provision of 35 U.S.C. § 112, first paragraph. 

We reverse. 

BACKGROUND 

# 

According' to paragraph 23 of appellant's specification, the present 
invention 

relates to the seeds of inbred corn line LH321, to the plants [and 
plant parts] of inbred corn line LH321 and to methods for producing 
a corn plant produced by crossing the inbred line LH321 with itself 
or another corn line, and to methods for producing a corn plant 
containing in its genetic material one or more transgenes and to the 
transgenic corn plants produced by that method. 

Paragraphs 44-55 of appellant's specification disclose morphologic and "other" 

characteristics of the inbred corn line LH321. On this record the examiner has 

indicated that claims drawn to plants, plant parts, and seed of the corn variety 

designated LH321 are allowable. See e^., claims 1-5, 7, and 10, and page 3 of 
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the Final Rejection, mailed July 1, 2003, wherein the examiner states "[c]laims 1- 
5,7 and ...[10] are allowed." 

A second aspect of the present invention comprises "hybrid corn seeds 
and plants produced by crossing the inbred line LH321 with another corn line." 
Specification, paragraph 23, see also claims 12-16. On this record the examiner 
has indicated that claims drawn to a process of producing corn seed wherein the 
process comprises crossing a first parent corn plant with a second parent corn 
plant are allowable. See e^, claim 1 1 , and Final Rejection, mailed July 1 , 2003, 
wherein the examiner states claim 1 1 is allowed. 

A third aspect of the present invention is a corn plant from the inbred corn 

line LH321 further comprising "a cytoplasmic factor that is capable of conferring 

male sterility" (specification, paragraph 24); or transformed so that its genetic 

material contains one or more transgenes operably linked to one or more 

regulatory elements" (see e^ , claims 26-28). As appellant explains 

(specification, paragraph 13), "[l]t should be understood that the inbred can, 

through routine manipulation of cytoplasmic or other factors, be produced in a 

male-sterile form." According to appellant (specification, paragraph 67) 

scientists in the filed of plant biology developed a strong interest in 
engineering the genome of plants to confer and express foreign 
genes, or additional , or modified versions of native, or 
endogenous, genes (perhaps driven by different promoters) in 
order to alter the traits of a plant in a specific manner. Such foreign 
additional and/or modified genes are referred to herein collectively 
as "transgenes". Over the last fifteen to twenty years several 
methods for producing transgenic plants have been developed, and 
the present invention, in particular embodiments, also relates to 
transformed versions of the claimed inbred line. 
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A final aspect of the present invention is directed to a process of 
producing an inbred corn plant derived from a plant of the inbred corn line LH321 
(see ejj., claims 11, 19 and 30), as well as hybrid plants and seed resulting from 
such a process (see e^g., claims 12-16). As discussed, supra , the examiner has 
indicated that claim 11 was allowable. According to appellant's specification 
(paragraph 56), 

[t]his invention is also directed to methods for producing a corn 
plant by crossing a first parent corn plant with a second parent corn 
plant, wherein the first or second corn plant is the inbred corn plant 
from the line LH321 . Further, both first and second parent corn 
plants may be from the inbred line LH321. Therefore, any methods 
using the inbred com line LH321 are part of this invention: selfing, 
backcrosses, hybrid breeding, and crosses to populations. Any 
plants produced using inbred corn line LH321 as a parent are 
within the scope of this invention. 

Against this backdrop, we now consider the rejections of record. 

DISCUSSION 

Definiteness : 

Claims 6 and 26-28 stand rejected under 35 U.S.C. § 112, second 
paragraph. For the following reasons we reverse. 

Claim 6 

According to the examiner (Answer, page 3), "the recitation 'further 
defined as comprising a gene conferring male sterility' ... appears to broaden the 
scope of its parent claim, or to raise some doubt as to whether the corn plant of 
claim 6 must be male sterile." In this regard, the examiner finds (jd.), "[tjhe 
specification does not define plants expressing all the physiological and 
morphological characteristics of LH321 as being male sterile, or as comprising a 
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gene that confers male sterility; in fact, the plant of claim 2 (from which claim 6 
depends) is male fertile." 

Initially, we note that claim 6 does not require that the corn plant express 
all the physiological and morphological characteristics of LH321. To the 
contrary, this appears to be the subject matter of claim 5, which the examiner 
has indicated to be allowable. Page 3, Final Rejection, mailed July 1, 2003. As 
we understand claim it, claim 6 is drawn to a com plant, or parts thereof, 
produced by growing the seed of claim 1, wherein the plant or plant parts further 
comprise a gene conferring male sterility. In our opinion, claim 6 further limits 
the subject matter of claim 2, by requiring the plant of claim 2 to further comprise 
a gene conferring male sterility. Accordingly, we disagree with the examiner that 
claim 6 fails to further limit the subject matter of claim 2, from which it depends. 

In addition, we fail to understand the examiner's statement that "claim 6 
does not incorporate all elements of the parent claim [(claim 2)]." As discussed 
above, claim 6 depends from claim 2, thus all the elements of claim 2 are 
present in claim 6. Claim 6, however, possesses an additional limitation not 
found in claim 2 - a gene conferring male sterility. Thus, the male fertile plant of 
claim 2, is now male sterile as a result of the additional limitation added in claim 
6. The examiner provides no evidence that male fertile plants cannot be made 
male sterile. To the contrary, we recognize the examiner's suggestion that 
appellant add two new claims drawn to (1) "[a] method of producing a male 
sterile corn plant comprising transforming the plant of claim 2 with nucleic acid 
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molecule that confers male sterility; and (2) "[a] male sterile corn plant produced 
by the ..." suggested method claim above. 

Notwithstanding the examiner's assertion to the contrary, in our opinion, a 
person of ordinary skill in the art would understand what is claimed. Amgen Inc. 
v. Chugai Pharmaceutical Co.. Ltd. , 927 F.2d 1200, 1217, 18 USPQ2d 1016, 
1030 (Fed. Cir. 1991 ). Accordingly, we reverse the rejection of claim 6 under 35 
U.S.C. § 112, second paragraph. 

Claims 26-28 

According to the examiner (Answer, page 4), the recitation in claim 26 that 
the claimed corn plant be "'transformed so that its genetic material contains one 
or more transgenes' ... appears to broaden the scope of claim 2, or raises some 
doubt as to whether the plant has all of the traits expressed by the plant of claim 
2." According to the examiner (id.), "[s]ince claim 2 is drawn to a plant with 
defined characteristics and genotypes which exclude the presence of introduced 
transgenes, it is confusing to characterize these plants as comprising additional 
genes." In addition, the examiner finds (id.), "[dependent claims 27-28 fail to 
remedy the deficiency of claim 26. 

As with the discussion of claim 6 above, claim 26 simply adds a further 
limitation to claim 2. Specifically, that the plant or plant parts of claim 2 "have 
been transformed so that its genetic material contains one or more transgenes 
operably linked to one or more regulatory elements." Accordingly, 
notwithstanding the examiner's assertion to the contrary, in our opinion, a person 
of ordinary skill in the art would understand what is claimed. Amaen Inc. v. 
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Chuqai Pharmaceutical Co., Ltd. , 927 F.2d 1200, 1217, 18 USPQ2d 1016, 1030 
(Fed. Cir. 1991). Accordingly, we reverse the rejection of claims 26-28 under 35 
U.S.C. § 112, second paragraph. 



Written Description : 

Claims 6, 12-19, 21 , 24, 26-28, 30 and 31 stand rejected under the written 
description provision of 35 U.S.C. § 1 12, first paragraph. 

Claims 12-16 

According to the examiner (Answer, page 7), 

A review of the language of claims 12-16 indicates that the claims 
are drawn to a genus, i.e., any and all hybrid corn seeds, and the 
hybrid corn plants produced by growing said hybrid seeds, wherein 
the hybrid seeds are produced by crossing inbred corn plant LH321 
with any second, distinct inbred com plant. Variation is expected in 
the complete genomes and phenotypes of the different hybrid 
species of the genus, since each hybrid has one non-LH321 parent 
that is not shared with the other hybrids. Each of the hybrids would 
inherit a different set of alleles from the non-LH321 inbred parent. 
As a result, the complete genomic structure of each hybrid, and 
therefore the morphological and physiological characteristics 
expressed by each hybrid, would differ. 

Accordingly the examiner finds (Answer, page 13), 

[g]iven the lack of written description in the specification regarding 
any of a multitude of non-LH321 parents to be used in a 
backcrossing breeding method or any other classical breeding 
method, one skilled in the art would not have recognized Appellant 
to have been in possession of the claimed hybrids or progeny 
plants as recited in claims ... 12-16. 
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As we understand it, the examiner's concern (see e^g.. Answer, pages 15- 
16) is that since the hybrids inherit only Vz of their diploid 3 set of chromosomes 
from the plant of corn variety LH321 , a person of skill in the art would not have 
viewed the teachings of the specification as sufficient to demonstrate that 
appellant was in possession of the genus of hybrid seeds and plants 
encompassed by claims 12-16. According to the examiner (Answer, page 16), 
"[t]hat all hybrids will inherit half of their alleles from LH321 does not provide any 
information concerning the morphological and physiological characteristics that 
will be expressed by the claimed hybrids." 

There is no doubt that the expressed gene products of a hybrid plant, e.g., 
the morphological and physiological traits, of LH321 and a non-LH321 corn plant 
will depend on the combination of the genetic material inherited from both 
parents. See Answer, page 22. Nevertheless, we disagree with the examiner's 
conclusion (id.) "[t]hat all hybrids will inherit half of their alleles from LH321 does 
not provide any information concerning the morphological and physiological 
characteristics that will be expressed by the claimed hybrids." 

On these facts, we find it necessary to take a step back and consider what 
is claimed. As we understand the them, the claims are drawn to a F, 4 hybrid 
seed (claims 12, 14 and 15) or plant/plant part (claim 13, and 16) resulting from a 

3 According to appellant's specification (page 21), "(i]n a diploid cell or organism, the two alleles of 
a given gene occupy corresponding loci on a pair of homologous chromosomes." Stated 
differently, diploid means a cell or organism having two sets of chromosomes. 

4 According to appellant's specification (page 3), "[a) single-cross hybrid is produced when two 
inbred lines are crossed to produce the F, progeny." 
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cross between the inbred corn plant LH321 and a non-LH321 corn plant. The 
claims do not require the hybrid to express any particular morphological or 
physiological characteristic. Nor do the claims require that a particular non- 
LH321 corn variety be used. 5 All that is required by the claims is that the F, 
hybrid has one parent that is a plant of com variety LH321 . Since the examiner 
has indicated that the seed and the plant of the inbred line LH321 are allowable 
(see claims 1 and 2), there can be no doubt that the specification provides an 
adequate written description of this inbred corn line. In addition, the examiner 
recognizes (Answer, page 7) that appellant's specification describes four 
exemplary hybrids wherein one parent was a plant of the inbred corn line LH321 , 
see e.g., specification, pages 31-33. Accordingly, it is unclear to this merits 
panel what additional description is necessary. 

As set forth above, the purpose of the written description requirement is to 
"ensure that the scope of the right to exclude, as set forth in the claims does not 
overreach the scope of the inventor's contribution to the field of art as described 
in the patent specification." Reiffin . Here the F, hybrid seed or plant has one 
parent that is a plant of the inbred line LH321. To that end, to satisfy the written 
description requirement, the inventor "must convey with reasonable clarity to 
those skilled in the art that, as of the filing date sought , he or she was in 
possession of the invention" [emphasis added]. Vas-Cath Inc. v. Mahurkar , 935 
F.2d 1555, 1563-64, 19 USPQ2d 1111,1117 (Fed. Cir. 1991). For the foregoing 



5 According to appellant (Brief, page 16), "hundreds or even thousands of other maize plants 
were known at the time the application was filed...." 
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reasons it is our opinion that appellant has provided an adequate written 

description of the subject matter set forth in claims 12-16. Accordingly, we 

reverse the rejection of claims 12-16 under the written description provision of 35 

U.S.C. § 112, first paragraph. 

Claims 17-19. 21. 24. 30 and 31 6 

According to the examiner (Answer, page 12), u [c]laims 19, 21 , 24, 30 and 

31 read on processes involving the repeated outcrossing of the exemplified 

inbred to multitude of genetically unrelated and uncharacterized corn plants for 

multiple generations." As the examiner explains (jd.), "LH321 may be used only 

in the initial cross, and then the progeny of this cross may be crossed to a 

multitude of unrelated and uncharacterized corn plants for up to 7 times (as 

recited in claim 21) or ad infinitum (as claimed in claims 19, 24, 30 and 31)." In 

this regard, the examiner finds (id.), 

[t]he specification fails to disclose or describe any progeny resulting 
from such crosses, wherein said progeny could contain only a small 
portion of the LH321 genome, if any at all, and wherein said 
progeny would contain a majority of undisclosed and 
uncharacterized genetic material from a multitude of undisclosed 
and uncharacterized parents. Furthermore, no description has 
been provided for the progeny of such crosses with regard to even 
one morphological trait of said progeny containing a majority of 
non-LH321 genetic material. 

Thus, the examiner concludes (Answer, page 13), "given the lack of an adequate 

written description of the claimed progeny plants, any method of using said 



6 We note that while the examiner includes (Answer, page 13) claims 17 and 18 with claims 19, 
21, 24, 30 and 31 in concluding that the claims are inadequately described, the examiner has 
explained (Answer, pages 12-13) the basis of this rejection as it applies to claims 19, 21, 24, 30 
and 31. 
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progeny plants in further crosses, as claimed in claims 17-19, 21, 24, 30 and 31, 
would also be inadequately described. 

As we understand the examiner's argument, not only does appellant have 
to provide a written description of the starting corn plant (LH321), but appellant 
also must look into the future to determine every other potential corn plant that 
someone may wish to cross with the LH321 inbred line, and provide written 
descriptive support for not only every other corn plant that could be crossed with 
this line, but also the resulting progeny of each cross. 

As set forth in Reiffin . the purpose of the written description requirement is 
to "ensure that the scope of the right to exclude, as set forth in the claims does 
not overreach the scope of the inventor's contribution to the field of art as 
described in the patent specification." Here the method of producing an inbred 
corn plant requires a plant of the inbred corn line LH321 be used as the starting 
material. To that end, to satisfy the written description requirement, the inventor 
"must convey with reasonable clarity to those skilled in the art that, as of the filing 
date sought , he or she was in possession of the invention" [emphasis added]. 
Vas-Cath . The examiner has indicated that a claim to the plant of the inbred 
corn line LH321 is allowable, see ej., appellant's claim 2. Therefore, in our 
opinion, there can be no doubt that appellant was in possession of this plant, in 
addition to a method of using that plant to cross with any other com plant to 
produce an inbred com plant as set forth in claims 17-19, 21 , 24, 30 and 31 . 

In our opinion, it matters not what the other corn plants are, or what the 
progeny of a cross between the LH321 inbred line and some other corn plant 
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represents. The inventions of claims 17-19, 21, 24, 30 and 31 are drawn to the 

use of the LH321 inbred line as the starting material 7 to produce an inbred corn 

plant. In this regard, we emphasize, the claims are not drawn to a seed or plant 

that is the result of such a cross. Therefore, we are not persuaded by the 

examiner's assertion (Answer, page 11), 

[t]he product of the method of claim 31, ... would contain 
substantial amounts of non-LH321 genetic material [that] has not 
been characterized or described, because the collection of traits 
that it possesses has not been disclosed, and because it contains 
substantial amounts of non-LH321 genetic material which itself has 
not been described. 

Accordingly, for the foregoing reasons, it is our opinion that appellant has 
"convey[ed] with reasonable clarity to those skilled in the art that, as of the filing 
date sought, [they were] in possession of the invention," Vas-Cath (emphasis 
omitted). Therefore, we reverse the rejection of claims 17-19, 21, 24, 30 and 31 
under the written description provision of 35 U.S.C. [§] 112, first paragraph. 

Claims 6 and 26-28 

According to the examiner (Answer, page 13), "[c]laims 26-28 are drawn 
towards L321 plants further comprising a foreign gene ('transgene') which was 
previously isolated as a piece of DNA, and then stably inserted into the corn 
genome by transformation." The examiner finds, however, that "the specification 
does not describe identified or isolated single loci for all corn plant traits." 
Answer, page 14. More specifically, the examiner finds (id.), claims 26-28 

7 See Answer, page 12. wherein the examiner also recognizes that "LH321 may be used only in 
the initial cross...." 
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"broadly encompass single loci that have not been discovered or isolated." To 
the extent that the examiner is asserting that appellant has not provided an 
enabling disclosure of single loci that have not been identified, we note that to 
satisfy the written description requirement, the inventor "must convey with 
reasonable clarity to those skilled in the art that, as of the filing da|e sought , he 
or she was in possession of the invention" [emphasis added]. Vas-Cath . 

Nevertheless, it may be that the examiner's concern (Answer, page 22), is 
that "isolated single genes or loci that confer yield enhancement or yield stability 
... have not been discovered or isolated...." In this regard, we note the 
examiner's assertion (id.), "[a]ppellant cannot be in possession of LH321 plants 
transformed with gene(s) conferring these traits." The examiner, however, 
provides no evidence to support the assertion that a person of ordinary skill in 
the art would not recognize that single loci for yield enhancement or yield stability 
are known in the art. In this regard, we note that appellant discloses 
(specification, paragraph 133), "[m]any single locus traits have been identified ... 
examples of these traits include, but are not limited to, ... enhanced nutritional 
quality, industrial usage, yield stability, and yield enhancement." It appears that 
the examiner has overlooked appellant's assertion that single locus traits for 
yield stability and yield enhancement are well known in the art. To this end, we 
direct the examiner's attention to, for example, United States Patent No. 
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5,936,145 ("I45) 8 , issued August 10, 1999, which is prior to the filing date of the 
instant application. For clarity, we reproduce claims 8, 29 and 39 of the '145 
patent below: 

8. A corn plant having all the physiological and morphological 

characteristics of corn plant 87DIA4, a sample of the seed of said corn 
plant having been deposited under ATCC Accession No. 203192. 

29. The corn plant of claim 8, further comprising a single gene conversion. 

39. The single gene conversion of the corn plant of claim 29, where the 
gene confers enhanced yield stability. 

As we understand it, claim 39 of the '145 patent, is drawn to a corn plant which 

comprises a single gene conversion, wherein the gene confers enhanced yield 

stability. Thus, contrary to the examiner's assertion it appears, for example, that 

a single gene that confers enhanced yield stability was known in the art prior to 

the filing date of the instant application. We remind the examiner "a patent need 

not teach, and preferably omits, what is well known in the art." Hvbritech 

Incorporated v. Monoclonal Antibodies, Inc. 802 F.2d 1367, 1385, 231 USPQ 81, 

94 (Fed. Cir. 1986). 

We remind the examiner that the inquiry into whether the description 

requirement is met must be determined on a case-by-case basis and is a 

question of fact. In re Wertheim , 541 F.2d 257, 262, 191 USPQ 90, 96 (CCPA 

1976). A description as filed is presumed to be adequate; unless or until 

sufficient evidence or reasoning to the contrary has been presented by the 



8 We note that the assignee of the "145 patent is DeKalb Genetics Corporation.. The assignee of 
the present application is Monsanto Company, the parent of wholly-owned subsidiary DeKalb 
Genetics Corporation. 
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examiner to rebut the presumption. See ejj., In re Marzocchi , 439 F.2d 220, 
224, 169 USPQ 367, 370 (CCPA 1971). The examiner, therefore, must have a 
reasonable basis to challenge the adequacy of the written description. 
Accordingly, it is the examiner who has the initial burden of establishing by a 
preponderance of evidence that a person skilled in the art would not recognize in 
an applicant's disclosure a description of the invention defined by the claims. 
Wertheim . 541 F.2d at 263, 191 USPQ at 97. On this record, the examiner 
provides no evidence to support the assertion that single loci that govern, for 
example, yield enhancement or enhanced yield stability are not described. 

Furthermore, we recognize the examiner's assertion (Answer, page 13) 
that "one skilled in the art would not have recognized [a]ppellant to have been in 
possession of the claimed hybrids or progeny plants as recited in claim[ ] 6...." 
As we understand it, claim 6 is drawn to a corn plant produced by growing the 
seed of corn inbred line LH321 further defined as comprising a gene conferring 
male sterility. The examiner has provided no evidence on this record as to why 
such a corn plant is not adequately described in appellant's specification. In this 
regard, we note that in the rejection under 35 U.S.C. § 1 12, second paragraph, 
the examiner suggested adding two new claims directed at (1) a method of 
producing a male sterile corn plant comprising transforming the plant of claim 2 
with a nucleic acid molecule that confers male sterility, and (2) a male sterile 
corn plant produced by the method set forth above. Accordingly, we are not 
persuaded by the examiner's assertion that the specification does not provide an 
adequate written description of claim 6. 
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Further, we direct the examiner's attention to claim 16 of related Appeal 
Nos. 2005-1506 and 2004-2317, which differ from claim 6 on this record only in 
the variety of corn. In addition, we note that the disclosure of Appeal Nos. 2005- 
1506 and 2004-2317 and the instant application are substantially similar. 
However, in both Appeal Nos. 2005-1506 and 2004-2317 the examiner 
apparently found that appellant's specification provided an adequate written 
description of claim 16 as no rejection of this claim was made under the written 
description provision of 35 U.S.C. § 1 12, first paragraph. Accordingly, we find 
that the examiner has treated claim 6 in a manner that is inconsistent with the 
prosecution of similar claims in related applications 09/788,334 and 09/771938, 
which is the subject matter of Appeal Nos. 2004-1506 and 2004-2317 
respectively. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. Accordingly, we reveYse the rejection of claims 6 and 26-28 under 
the written description provision of 35 U.S.C. [§] 112, first paragraph. 

Summary 

For the foregoing reasons, we reverse the rejection of claims 6, 1 2-1 9, 21 , 
24, 26-28, 30 and 31 under the written description provision of 35 U.S.C. § 1 12, 
first paragraph. 

Enablement : 

Claims 6, 12-19, 21, 24, 26-28, 30 and 31 stand rejected under the 
enablement provision of 35 U.S.C. § 1 12, first paragraph. The examiner finds 
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(Answer, page 39), claims 27-30 "are broadly drawn towards inbred com plant 
1015011 further defined as having a genome comprising any single locus 
conversion, encoding any trait; or wherein the single locus was stably inserted 
into a corn genome by transformation." The examiner presents several lines of 
argument under this heading. We take each in turn. 
I. Retaining the morphological fidelity of the original inbred line : 

According to the examiner (Answer, page 30, emphasis added), "[l]t is not 
clear that single loci may be introduced into the genetic background of a plant 
through traditional breeding, while otherwise maintaining the genetic and 
morphological fidelity of the original inbred variety...." With reference to 
Hunsperger, Kraft, and Eshed the examiner asserts (Answer, page 38), "[t]he 
rejection raises the issue of how linkage drag hampers the insertion of single 
genes alone into a plant by backcrossing, while recovering all of the original 
plant's genome." 

We note, however, that claims 26-28 (those which are drawn to a plant 

transformed with one or more transgenes) do not require that the plant maintain 

the genetic and morphological fidelity of the original inbred variety. Nor do 

claims 26-28 require that the resultant plant retain all of the "original plant's 

genome " as a result of a backcrossing technique. As appellant explains 

(specification, paragraph 41, emphasis added), 

[s]ingle locus converted or conversion plant refers to plants which 
are developed by a plant breeding technique called backcrossing 
wherein essentially all of the desired morphological and 
physiological characteristics of an inbred are recovered in addition 
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to the single locus transferred into the inbred via the backcrossing 
technique or via genetic engineering. 

We find nothing in the appellant's specification to indicate that the single locus 

converted plant retains all of the morphological and physiological traits, or aH of 

the genome, of the parent plant in addition to the single locus transferred vja the 

backcrossing technique. Accordingly, we disagree with the examiner's 

assertions to the contrary. 

Further, while the examiner does not explain the basis for the rejection of 

claim 6 under this heading, we note as discussed supra , claim 6 is drawn to a 

corn plant produced by growing the seed of corn inbred line LH321 further 

defined as comprising a gene conferring male sterility. In this regard, we note 

that appellant's specification discloses (paragraph 19), "several methods of 

conferring genetic male sterility [that are] available [in the art]." We find no 

evidence in the Answer to suggest this disclosure in appellant's specification is 

incorrect, or insufficient. In addition, we note that the examiner's rejection of 

claim 6 is inconsistent with the manner in which a similar claim was treated in 

related applications 09/788,334 and 09/771 ,938, the subject matter of Appeal 

Nos. 2004-1506 and 2004-2317 respectively. Claim 16 of related applications 

09/788,334 and 09/771 ,938, differs from claim 6 of the instant application only 

with regard to the corn variety. Nevertheless, while the disclosure in these 

related applications is substantially similar to the disclosure of the instant 

application, claim 16 was not rejected under the enablement provision of 35 
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U.S.C. § 1 12, first paragraph, in either of related applications 09/788,334 or 
09/771,938. 

Further, we recognize appellant's argument (Brief, page 16) that the 

examiner failed to establish a nexus between Hunsperger's discussion of 

petunias; Kraft's discussion of sugar beets; and Eshed's discussion of tomatoes, 

and the subject matter of the instant application - corn. Absent evidence to the 

contrary, we agree with appellant (id.), "the [examiner's] indication' 91 that the 

references concerning petunias, sugar beets and tomatoes apply to corn is 

made without any support." That the examiner has failed to identify (Answer, 

page Answer, page 38) an example "in the prior art of plants in which linkage 

drag does not occur," does not mean that linkage drag is expected to occur in 

corn breeding, which according to appellant (Brief, page 16) "is extremely 

advanced and well known in the art." In this regard, we agree with appellant 

(Brief, pages 16-17), the examiner has improperly placed the burden on 

appellant to demonstrate that the examiner's unsupported assertion is not true. 

We remind the examiner, as set forth in In re Wright . 999 F.2d 1557, 1561-62, 27 

USPQ2d 1510, 1513 (Fed. Cir. 1993): 

When rejecting a claim under the enablement requirement of 
section 1 12, the PTO bears an initial burden of setting forth a 
reasonable explanation as to why it believes that the scope of 
protection provided by that claim is not adequately enabled by the 
description of the invention provided in the specification of the 
application; this includes, of course, providing sufficient reasons for 
doubting any assertions in the specification as to the scope of 
enablement. 

9 See Answer page 38, wherein the examiner asserts "[l]inkage drag appears to be a 
phenomenon that occurs in all plant types." 
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II. Com molecular genetic markers : 

According to the examiner (Answer, page 27), 

[n]o guidance has been provided for the identification of any 
molecular genetic markers such as restriction fragment length 
polymorphisms [RFLPs] as claimed in claim 31, wherein said 
genetic molecular markers have been demonstrated to be inked to 
corn genes conferring agronomically desirable traits, or their use to 
breed and obtain improved corn genotypes using LH321 as the 
starting material. 

Admittedly, we find the examiner's statement less than clear. However, 
as we understand it the examiner finds that the specification fails to enable claim 
31 because a link between genes conferring agronomically desirable traits and 
RFLPs has not been established! However, as we understand claim it, claim 31 
is drawn to a method of using a plant from the LH321 inbred corn line as the 
source of plant breeding material in the development of a corn plant in a corn 
plant breeding program using plant breeding techniques which are selected from 
the group consisting of: recurrent selection, backcrossing, pedigree breeding, 
RFLP enhanced selection, genetic marker enhanced selection, and 
transformation. As appellant discloses (specification, paragraph 3), "[t]he 
complexity of inheritance influences choice of the breeding method." Appellant 
then provides a description of various breeding methods. See exL, specification, 
paragraphs 3-13. In addition, appellant discloses (specification, ape 14), several 
reference books wherein "[d]escriptions of other breeding methods that are 
commonly used for different traits and crops can be found In addition, 
appellant provides a description of various marker genes. See e&, 
specification, paragraphs 69-75. Further, appellant discloses (specification, 
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paragraph 91), "(f]or the relatively small number of transgenic plants that show 

higher levels of expression, a genetic map can be generated, primarily via 

conventional FRLP, PCR and SSR analysis, which identifies the approximate 

chromosomal location of the integrated DNA molecule." In addition, appellant 

provides a reference "for exemplary methodologies in this regard..." Id. Faced 

with this disclosure, the examiner provides no evidence to support his assertion 

that appellant's specification does not provide an enabling disclosure of the 

invention set forth in claim 31 . 

As set forth in In re Marzocchi . 439 F.2d 220, 224, 169 USPQ 367, 370 

(CCPA 1971), the burden is on 

the Patent Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any statement in a 
supporting disclosure and to back up assertions of its own with 
acceptable evidence or reasoning which is inconsistent with the 
contested statement. Otherwise, there would be no need for the 
applicant to go to the trouble and expense of supporting his 
presumptively accurate disclosure. 

On this record, we find only the examiner's unsupported conclusions as to why 

the specification does not enable the claimed invention. We remind the 

examiner that nothing more than objective enablement is required, and therefore 

it is irrelevant whether this teaching is provided through broad terminology or 

illustrative examples. Marzocchi , 439 F.2d at 223, 169 USPQ at 369. In the 

absence of an evidentiary basis to support the rejection, the examiner has not 

sustained his initial burden of establishing a prima facie case of non-enablement. 

In this regard, we note that the burden of proof does not shift to appellant until 
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the examiner first meets his burden. Marzocchi , 439 F.2d at 223-224, 169 
USPQ at 369-370. 

Accordingly, we are not persuaded by the examiner's comments. 
III. Non-exemplified breeding partners : 

The examiner finds (Answer, page 27), "[n]o guidance has been provided 
regarding the morphological or genetic compositions of a multitude of non- 
exemplified breeding partners for crossing with LH321 According to the 
examiner this is true whether a single cross is preformed to produce a hybrid 
corn plant as claimed in claims 12-16, or multiple crosses with non-LH321 
parents over multiple generations as claimed in claims 19, 21, 24, 30 and 31, 
with or without multiple non-disclosed parents. 10 
Claims 12-16 : 

As discussed supra , the examiner has interpreted these claims as 
directed to the product of a single cross of a LH321 plant and a non-LH321 plant. 
See Answer, page 5, and 27. Accordingly, as we understand this record, claims 
12-16 are drawn to F 1 hybrid seed, plant, or plant parts. The claims do not 
require the hybrid to express any particular morphological or physiological 



10 We note that the examiner includes claim 14 in a discussion of "multiple crosses with non- 
LH321 parents over multiple generations." However, as we understand the claim, claim 14 is 
drawn to the seed produced by growing the com plant of claim 13 and harvesting the resultant 
corn seed. Accordingly, it appears that the examiner has inadvertently included claim 14 together 
with claims 19, 21 , 24, 30 and .31 . As we understand claim 14, it should have been included with 
the rejection of claims 12, 13, 15 and 16. See e.g., Answer, page 5, wherein the examiner's 
treatment of claims 12-16 together as "drawn towards any hybrid corn seed produced by the 
process of crossing the inbred corn plant LH321 with any second, distinct, inbred corn plant; and 
any hybrid corn plant produced by growing said hybrid corn seed (claims 12-16). Accordingly, 
we have considered the examiner's argument regarding claim 14 together with claims 12, 13, 15 
and 16. 
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characteristic. Nor do the claims require that a particular non-LH321 corn variety 
be used. All that is required by the claims is that the F, hybrid has one parent 
that is a plant of corn variety LH321 . 

Since the examiner has indicated that the seed and the plant of the inbred 
line LH321 are allowable (see claims 1 and 2), there can be no doubt that the 
specification provides an adequate written description of this inbred corn line. In 
addition, the examiner recognizes (Answer, page 7) that appellant's specification 
describes four exemplary hybrids wherein one parent was a plant of the inbred 
corn line LH321, see exu, specification, pages 31-33. Accordingly, it is unclear 
to this merits panel what additional enabling description is necessary. In our 
opinion, appellant's specification provides an enabling description of F, hybrids 
wherein one parent is a corn plant of the LH321 inbred line. 
Claims 17-19.21.24. 30 and 31 : 

We understand these claims to be drawn to methods of producing plants 
derived from LH321. Stated differently, the claims are drawn to methods of 
using LH321 inbred corn plants as the starting material to produce other inbred 
lines. In our opinion, it matters not what the other corn plants are, or what the 
progeny of a cross between the LH321 inbred line and some other corn plant 
represents. The inventions of claims 17-19, 21 , 24, 30 and 31 are drawn to the 
use of the LH321 inbred line as the starting material 11 to produce an inbred corn 
plant. In this regard, we emphasize, these claims are not drawn to a seed or 

11 See Answer, page 12. wherein the examiner also recognizes that "LH321 may be used only in 
the initial cross...." 



Appeal No. 2004-1968 Page 26 

Application No. 10/000,311 

plant that is the result of such a cross. The examiner has provided no evidence 
on this record that person of ordinary skill in the art could not produce another 
inbred line, which uses a corn plant of the LH321 inbred line as the starting 
material. Therefore, we are not persuaded by the examiner's unsupported 
assertions to the contrary. 

Accordingly, for the foregoing reasons, we reverse the rejection of claims 
6, 12-19, 21 , 24, 26-28, 30 and 31 under the enablement provision of 35 U.S.C. 
§112, first paragraph. 

SUMMARY 

We reverse the rejection of claims 6 and 26-28 under 35 U.S.C. § 1 1 2, 
second paragraph. 

We reverse the rejection of claims 6, 12-19, 21 , 24, 26-28, 30 and 31 
under the written description provision of 35 U.S.C. § 112, first paragraph. 

We reverse the rejection of claims 6, 12-19, 21, 24, 26-28, 30 and 31 
under the enablement provision of 35 U.S.C. § 112, first paragraph. 
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We do not reach the merits of the rejection of claim 8 under 35 U.S.C. 
§112, second paragraph, which was not presented for our review in this appeal. 



REVERSED 



Toni R. Scheiner 
Administrative Patent Judge 




<?/nS 

Donald E. Adams 
Administrative Patent Judge 



Lora M. Green 
Administrative Patent Judge 
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ON BRIEF 



Before SCHEINER, ADAMS and GREEN, Administrative Patent Judges . 
ADAMS, Administrative Patent Judge . 



DECISION ON APPEAL 



This is a decision on the appeal under 35 U.S.C. § 134 from the 
examiner's final rejection of claims 3, 6, 1 1, 14-20 and- 24-31 . The examiner has 
indicated that claims 1, 2. 5, 7-10, 12, 13 and 21-23 are allowable. Claim 4 is 
cancelled. 



1 This appeal is substantially similar to Appeal No. 2004-1503, Application No. 09/606,808; 
Appeal No. 2004-1506, Application No. 09/788,334; Appeal No. 2004-1968, Application No. 
10/00,0311; Appeal No. 2004-2317, Application No. 09/771,938; and Appeal No. 2005-0396, 
Application No. 10/077,589, which all share the same assignee, Monsanto Company, the parent 
of wholly-owned subsidiary DeKaib Genetics Corporation. Accordingly we have considered these 
appeals together. 

2 We note that appellant waived his request for Oral Hearing. See Paper received December 3, 
2004. 
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Claims 3, 6, 15, 16, 17, 27, 28 and 30 are illustrative of the subject matter 
on appeal and are reproduced below. In addition, for convenience, we have 
reproduced allowable claims 2 and 5 below: 

2. A population of seed of the corn variety I026458, wherein a sample of the 
seed of the corn variety I026458 was deposited under ATCC Accession 
No. PTA-3228. 

3. The population of seed of claim 2, further defined as an essentially 
homogeneous population of seed. 

5. A corn plant produced by growing a seed of the corn variety I026458, 
wherein a sample of the seed of the corn variety I026458 was deposited 
under ATCC Accession No. PTA-3228. 

6. The com plant of claim 5, having: 

(a) an SSR profile in accordance with the profile shown in Table 6; or 

(b) an isozyme typing profile in accordance with the profile shown in 
Table 7. 

15. A corn plant capable of expressing all the physiological and 
morphological characteristics of the corn variety I026458, wherein a 
sample of the seed of the corn variety I026458 was deposited under 
ATCC Accession No. PTA-3228. 

1 6. The corn plant of claim 1 5, further comprising a nuclear or cytoplasmic 
gene conferring male sterility. 

17. A tissue culture of regenerable cells of a plant of corn variety I026458, 
wherein the tissue is capable of regenerating plants capable of 
expressing all the physiological and morphological characteristics of the 
corn variety I026458, wherein a sample of the seed of the corn variety 
I026458 was deposited under ATCC Accession No. PTA-3228. 

27. The corn plant of claim 5, further defined as having a genome comprising 
a single locus conversion. 

28. The corn plant of claim 27, wherein the single locus was stably inserted 
into a com genome by transformation. 

30. The corn plant of claim 27, wherein the locus confers a trait selected from 
the group consisting of herbicide tolerance; insect resistance; resistance 
to bacterial, fungal, nematode or viral disease; yield enhancement; waxy 
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starch; improved nutritional quality; enhanced yield stability; male sterility 
and restoration of male fertility. 

The references relied upon by the examiner are: 

Hunsperger et al. (Hunsperger) 5,523,520 Jun. 4, 1 996 

Eshed et al. (Eshed), "Less-Than-Additive Epistatic Interactions of Quantitative 
Trait Loci in Tomato," Genetics . Vol. 143, pp. 1807-17 (1996) 

Kraft et al. (Kraft), "Linkage Disequilibrium and Fingerprinting in Sugar Beet," 
Theoretical and Applied Genetics . Vol. 101, pp. 323-36 (2000) 

GROUNDS OF REJECTION 

Claim 3 stands rejected under 35 U.S.C. § 112, second paragraph as 

indefinite in the recitation of the phrase "an essentially homogeneous population 

of seed." 

Claim 14 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrase "(a]n essentially homogeneous 
population of corn plants produced by growing the seed of the corn variety 
1026458." 

Claims 6 and 1 1 stand rejected under 35 U.S.C. § 1 12, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." 

Claims 15, and 17-20 3 stand rejected under 35 U.S.C. § 112, second 
paragraph as indefinite in the recitation of the phrase "capable of expressing." 



3 According to the examiner (Answer, pages 12 and 13), since claims 18 and 19 depend from 
claim 17 they are included in this rejection. 



Appeal No. 2004-2343 Page 4 

Application No. 09/772,520 

Claims 16 and 27-30 4 stand rejected under 35 U.S.C. §112, second 
paragraph as failing to limit the scope of the claims from which they depend. 

Claim 28 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of "the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a corn genome.' 1 ' 

Claim 30 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." 

Claims 6, 1 1, 24-31 5 stand rejected under the written description provision 
of 35 U.S.C. § 1 12, first paragraph. 

Claims 27-30 stand rejected under the enablement provision of 35 U.S.C. 
§ 112, first paragraph. 

We reverse. 



4 According to the examiner (Answer, page 4), "(cjlaims ... 27-30 ... stand rejected under 35 
U.S.C. [§] 112, second paragraph..." The examiner, however, provides no explanation as to why 
claim 29 is rejected. We can only assume that since claim 29, as well as claims 28 and 30, each 
depend from claim 27, they are rejected for the same reason as claim 27. Accordingly, we have 
included claims 28-30 with this ground of rejection. 

5 We recognize the examiner's statement (Answer, page 3), w [c)laim 26 was objected to in the 
Office Action mailed 23 September 2003, as being in improper dependent form for failing to 
further limit the subject matter of previous claim. Appellant did not address this objection. An 
objection to a claim, however, is the subject matter of a petition, and is not properly before us on 
appeal. Nevertheless, we make the following observation regarding claim 26, and encourage the 
examiner and appellant to work together to remedy this issue, prior to any further action on the 
merits. 

According to appellant's specification (page 20), a F, hybrid is "[t]he first generation progeny of 
the cross of two plants." Therefore, as we understand the prosecution history as well as the 
language of the claims, claims 24 and 25 to refer to F, hybrids. In this regard, we note that similar 
claims, directed to a different corn variety, were presented for our review in Appeal Nos. 2004- 
1506 and 2004-2317. During the oral hearing in Appeal Nos. 2004-1506 and 2004-2317, 
appellant's representative confirmed that all claims drawn to hybrid plants or hybrid seeds (see 
e.g. , claims 24 and 25) refer to F, hybrids. Accordingly, it appears that claim 26 fails to further, 
limit claim 25 from which it depends. 
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BACKGROUND 

The present "invention relates to inbred corn seed and plants of the 
variety designated 1026458, and derivatives and tissue cultures thereof." 
Specification, page 2. According to appellant (specification, page 28), "[a] 
description of the physiological and morphological characteristics of corn plant 
1026458 is presented in Table 3" of the specification, pages 28-29. On this 
record the examiner has indicated that claims drawn to plants, plant parts, and 
seed of the corn variety designated 1026458 are allowable. See e.g., claims 1, 2, 
5, 7-10, 12 and 13, and Answer, page 2, wherein the examiner states u [c]laims 1 , 
2, 5, 7-10, 12 [and] 13 ... are allowed." 

A second aspect of the present invention comprises hybrid plants and 
processes "for producing [first generation (F,) hybrid 6 ] com seeds or plants, 
which ... generally comprise crossing a first parent corn plant with a second 
parent corn plant, wherein at least one of the first or second parent corn plants is 
a plant of the variety designated I026458." Specification, pages 7-9. On this 
record the examiner has indicated that claims drawn to a process of producing 
corn seed wherein the process comprises crossing a first parent corn plant with a 
second parent com plant are allowable. See ejj., claims 21-23 and Answer, 
page 2, wherein the examiner states claims "21-23 are allowed." 



6 According to the specification (page 21 ), a F, hybrid is "(t]he first generation progeny of the 
cross of two plants." During oral hearing, appellant confirmed that all claims drawn to hybrid 
plants or hybrid seeds (see ejj., claims 24 and 25) refer to F, hybrids. 
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A third aspect of the present invention comprises single locus converted 

plants of the corn variety 1026458. Specification, page 6. As appellant explains 

(specification, page 23, emphasis added), single locus converted (conversion) 

plants are those plants 

which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

As appellant explains (specification, page 31): 

Many single locus traits have been identified that are not regularly 
selected for in the development of a new inbred but that can be 
improved by backcrossing techniques. Single locus traits may or 
may not be transgenic; examples of these traits include, but are not 
limited to, male sterility, waxy starch, herbicide resistance, 
resistance for bacterial, fungal, or viral disease, insect resistance, 
male fertility, enhanced nutritional quality, industrial usage, yield 
stability, and yield enhancement. These genes are generally 
inherited through the nucleus, but may be inherited through the 
cytoplasm. Some known exceptions to this are genes for male 
sterility, some of which are inherited cytoplasmically, but still act as 
single locus traits. 

A final aspect of the present invention is directed to a process of 
producing an inbred corn plant derived from a plant of the corn variety I026458. 
See e.g. , claim 31 . According to appellant's specification (bridging paragraph, 
pages 10-11), 

the present invention provides a method of producing an inbred 
com plant derived from the corn variety I026458, the method 
comprising the steps of: (a) preparing a progeny plant derived from 
com variety I026458, wherein said preparing comprises crossing a 
plant of the corn variety I026458 with a second corn plant, and 
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wherein a sample of the seed of com variety 1026458 has been 
deposited under ATCC Accession No. PTA-3228; (b) crossing the 
progeny plant with itself or a second plant to produce a seed of a 
progeny plant of a subsequent generation; (c) growing a progeny 
plant of a subsequent generation from said seed of a progeny plant 
of a subsequent generation and crossing the progeny plant of a 
subsequent generation with itself or a second plant; and (d) 
repeating steps (c) and (d) for an addition 3-10 generations to 
produce an inbred corn plant derived from the corn variety I026458. 
In the method, it may be desirable to select particular plants 
resulting from step (c) for continued crossing according to steps (b) 
and (c). By selecting plants having one or more desirable traits, an 
inbred corn plant derived from the com variety I026458 is obtained 
which possesses some of the desirable traits of corn variety 
I026458 as well potentially other selected traits. 

According to the examiner (Answer, page 36), "[t]he patentability of the method 

of claim 31 does not lie in the acts of the process, which are the simple acts of 

crossing corn plants, allowing progeny seed to be produced, and growing 

progeny plants from the seed...." Therefore, as we understand this aspect of the 

claimed invention (e^g,, claim 31), the intent is not to claim a specific inbred corn 

plant resulting from the claimed process. See claim 31. Instead, as we 

understand it, claim 31 is drawn to a process wherein an inbred corn plant is 

derived from the corn variety I026458. 

As appellant explains (specification, page 3), 

The development of uniform com plant hybrids requires the 
development of homozygous inbred plants, the crossing of these 
inbred plants, and the evaluation of the crosses. Pedigree breeding 
and recurrent selection are examples of breeding methods used to 
develop inbred plants from breeding populations. Those breeding 
methods combine the genetic backgrounds from two or more 
inbred plants or various other broad-based sources into breeding 
pools from which new inbred plants are developed by selfing and 
selection of desired phenotypes. The new inbreds are crossed with 
other inbred plants and the hybrids from these crosses are 
evaluated to determine which of those have commercial potential. 
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We emphasize, that while "new inbreds" having commercial potential may result 
from the method set forth in claim 31 , the claim does not encompass any specific 
plant that is produced as a result of the method. Rather the claim encompasses 
only a method of producing an inbred corn plant that is " derived " from the corn 
variety I026458. The examiner has indicated that a claim drawn to a corn plant 
of the com variety I026458 is allowable. See ag., claim 5, and Answer, page 2, 
wherein the examiner states that claim 5 is allowed. 

Against this backdrop, we now consider the rejections of record. 

DISCUSSION 

Definiteness : 

Claims 3, 6, 1 1 , 14-20 and 27-30 stand rejected under 35 U.S.C. § 1 12, 
second paragraph. For the following reasons we reverse. 

Claim 3 

Claim 3 depends from independent claim 2, and stands rejected under 35 
U.S.C. § 1 12, second paragraph as indefinite in the recitation of the phrase "an 
essentially homogeneous population of seed...." Answer, page 4. According to 
the examiner (id.), claim 2 is drawn to "'[a] population of seed of the corn variety 
I026458, wherein a sample of the seed of the com variety I026458 was 
deposited under ATCC Accession No. PTA-3228." Thus, the examiner finds 
(Answer, page 5), the population of seed set forth in claim 2 "is a homogeneous 
population of seed of corn variety I026458." Accordingly, the examiner finds 
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(id.), "(t]he recitation, 'essentially homogeneous,' in claim 3 ... appear[s] to be 
superfluous." 

However, as disclosed in appellant's specification (page 5), 

[essentially homogeneous populations of inbred seed are those 
that consist essentially of the particular inbred seed, and are 
generally free from substantial numbers of other seed, so that the 
inbred seed forms between about 90% and about 1 00% of the total 
seed, and preferably, between about 95% and about 100% of the 
total seed. 

Accordingly, we disagree with the examiner's assertion (Answer, page 6) 
that claim 3 is unclear simply because it may contain seed other than the seed of 
the corn variety I026458. We remind the examiner that claim language must be 
analyzed "not in a vacuum, but always in light of the teachings of the prior art 
and of the particular application disclosure as it would be interpreted by one 
possessing the ordinary skill in the pertinent art." In re Moore . 439 F.2d 1232, 
1235, 169 USPQ 236, 238 (CCPA 1971). Here, notwithstanding appellant's 
comments 7 , it is our opinion that a person of ordinary skill in the art would 
recognize that an essentially homogeneous population of seed of the corn 
variety I026458 is a population of seed that is generally free from substantial 
numbers of other seed, e.g., wherein com variety I026458 seed forms between 
about 90% and about 100% of the total seed in the population. 8 



7 According to appellant (Brief, page 7), an essentially homogeneous population of seed, is a 
population of seed that could be of non-uniform size and shape. 

8 Cf. the examiner's statement (Answer, page 6), "amending claim 3 to read '[a]n essentially 
homogeneous population of corn seeds consisting essentially of seed of claim 1', would obviate 
this rejection." 
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Accordingly, we reverse the rejection of claim 3 under 35 U.S.C. § 1 12, 
second paragraph. 

Claim 14 

Claim 14 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrase "[a]n essentially homogeneous 
population of corn plants produced by growing the seed of the corn variety 
I026458." Answer, page 6. According to the examiner (jg\), "[t]he I026458 seed 
can only produce I026458 plants. ... [Therefore,] [t]he population can ... only 
consist of I026458 plants." Accordingly, the examiner finds it unclear "why the 
population is referred to as 'essentially homogeneous,' since such populations 
can comprise more than one variety of plant." Answer, bridging sentence, pages 
6-7. 

As appellant discloses (specification, page 6), "[t]he population of inbred 
corn seed of the invention can further be particularly defined as being essentially 
free from hybrid seed. The inbred seed population may be separately grown to 
provide an essentially homogeneous population of inbred corn plants designated 
I026458." As we understand the claim, growing the seed of claim 3, for example, 
would produce an essentially homogeneous population of corn plants of the corn 
variety I026458. 9 



9 Cf. The examiner's statement (Answer, page 8), amending claim 14 "to read, '[a]n essentially 
homogeneous population of corn plants produced by growing a population of corn seed consisting 
essentially of the seed of corn plant I026458...' would obviate the rejection." 
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In addition, we direct the examiner's attention to Appeal No. 2005-0396, 
wherein a claim similar to claim 14 was presented for our review. In Appeal No. 
2005-0396, the examiner of record indicated that claim 14, directed to "(a]n 
essentially homogeneous population of corn plants produced by growing the 
seed of the com variety 1180580...." was allowable. Accordingly, we find that the 
examiner has treated claim 14 in a manner that is inconsistent with the 
prosecution of claim 14 in 2005-0396. As we understand it, the only difference 
between claim 14 as it appears in Appeal No. 2005-0396 and the instant appeal 
is the variety of corn seed from which the plant is produced. 

Accordingly we reverse the rejection of claim 14 under 35 U.S.C. § 1 12, 
second paragraph. 

Claims 6 and 1 1 

Claims 6 and 11 stand rejected under 35 U.S.C. § 112, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." According to the 
examiner (Answer, page 9), it is unclear if a plant "that generally follows the trend 
of the profile of Table 6, but which differs at one or a few loci, [would] be 
considered in 'conformity' or 'in accordance' with the profile of Table 6." 

On this record, we understand the phrase "in accordance with" as it is 
used in claims 6 and 1 1 to mean "the same" 10 Stated differently, we understand 
the claims to read: 

10 Cf- Appeal Nos. 2004-1506 and 2004-2317, which use similar language for claims directed to 
different com varieties. In this regard, we note that during the February 10, 2005 oral hearing in 
Appeal Nos. 2004-1506 and 2004-2317, appellant's representative confirmed that the phrase "in 
accordance with" was intended to mean "the same". 
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6. The corn plant of claim 5, having: 

(a) the same SSR profile as shown in Table 6; or 

(b) the same isozyme typing profile as shown in Table 7. 

1 1 . The plant part of claim 10, wherein said cell is further defined as having: 

(a) The same SSR profile as shown in Table 6; or 

(b) The same isozyme typing profile as shown in Table 7. 

Accordingly we reverse the rejection of claims 6 and 1 1 under 35 U.S.C. 
§112, second paragraph. 

Claims 15 and 17-20 

Claims 15, and 17-20 stand rejected under 35 U.S.C. § 1 12, second 

paragraph as indefinite in the recitation of the phrase "capable of expressing," or 

"capable of regenerating." According to the examiner (Answer, page 9), the 

claims do "not make clear if the plant actually expresses the traits, or when or 

under what conditions the traits are expressed." In this regard, the examiner 

finds (Answer, page 10), 

while the plant has the capacity to express the characteristics, for 
some reason it may not. Certain characteristics of a plant are 
expressed only at certain times of its life cycle, and are incapable 
of being expressed at other times. The colors of flower parts such 
as silks, or fruit parts such as husks, are examples. The promoters 
of many genes conferring traits require a transcription factor to 
become active. Is a plant that has such a gene, but not the 
transcription factor, considered "capable of expressing" that gene, 
and the trait associated with that gene, and is such a plant 
encompassed by the claims? 

To address the examiner's concerns, we find it sufficient to state that if a plant 

has the capacity to express the claimed characteristics it meets the requirement 

of the claim regarding "capable of," notwithstanding that due to a particular 

phase of the life cycle the plant is not currently expressing a particular 
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characteristic. Alternatively, if a plant is incapable of expressing the claimed 
characteristics at any phase of the life cycle, because it lacks, for example, the 
"transcription factor" required for expression - such a plant would not meet the 
requirement of the claim regarding "capable of." 

Here, we find the examiner's extremely technical criticism to be a 
departure from the legally correct standard of considering the claimed invention 
from the perspective of one possessing ordinary skill in the art. " In our opinion, 
a person of ordinary skill in the art would understand what is claimed. Amqen 
Inc. v. Chuqai Pharmaceutical Co.. Ltd. , 927 F.2d 1200, 1217, 18 USPQ2d 1016, 
1030 (Fed. Cir. 1991). We find the same to be true for the phrase "capable of 
as set forth in claims 17-20. 

Accordingly we reverse the rejection of claims 15, and 17-20 under 35 
U.S.C. § 112, second paragraph. 

Claims 16 and 27-30 

Claims 16 and 27-30 stand rejected under 35 U.S.C. § 1 12, second 
paragraph as failing to limit the scope of the claims from which they depend. 
According to the examiner (Answer, page 11), since the plant set forth in claim 
16 is male sterile it cannot express all the morphological and physiological 
characteristics of the male fertile com variety I026458. Similarly, the examiner 
finds it unclear whether the plant set forth in claim 27 has all the characteristics 
of the plant set forth in claim 5, from which claim 27 depends. Id. In response, 



11 Cf. Digital Equipment Corp. v. Diamond. 653 F.2d 701, 724, 210 USPQ 521, 546 (CA 1981). 
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appellant asserts (Brief, pages 9-10), claims 16 and 27 simply add a further 
limitation to the claims from which they depend. We agree. 

For example, claim 16 reads on a corn plant capable of expressing all the 
physiological and morphological characteristics of the corn variety I026458, 
further comprising a nuclear or cytoplasmic gene conferring male sterility. In our 
opinion, the claims reasonably apprise those of skill in the art of their scope. 
Amqen , As set forth in Shatterproof Glass Corp. v. Libbev-Owens Ford Co. , 758 
F.2d 613, 624, 225 USPQ 634, 641 (Fed. Cir. 1985), "[i]f the claims, read in the 
light of the specifications, reasonably apprise those skilled in the art both of the 
utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." 

a 

Accordingly we reverse the rejection of claims 1 6 and 27-30 under 35 
U.S.C. § 1 12, second paragraph. 

Claim 28 

Claim 28 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of "the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a com genome.'" According to the examiner 
(Answer, page 13), "[t]he recitation does not make clear if the genome is that of 
I026458 or that of a different corn plant- 
According to appellant's specification (page 23, emphasis removed), a 
"Single Locus Converted (Conversion) Plant" refers to 

[pjlants which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
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addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

Accordingly, we agree with appellant (Brief, page 12) "[t]he single locus 
referred to in claim 28 may or may not have been directly inserted into the 
genome of the claimed plant." As we understand the claim, and arguments of 
record, claim 28 presents two possibilities: (1) the single locus is directly inserted 
into the claimed plant and nothing further need be done; or (2) the single locus is 
directly inserted into a different plant, which is then used to transfer the single 
locus to the claimed plant through use of the plant breeding technique known as 
backcrossing. 

In our opinion, the claim reasonably apprises those of skill in the art of its 
scope. Amgen . Accordingly, we reverse the rejection of claim 28 under 35 
U.S.C. § 1 12, second paragraph. 

Claim 30 

Claim 30 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." According to the examiner the 
terms "yield enhancement," "improved nutritional quality," and "enhanced yield 
stability" are relative and have no definite meaning. Answer, page 14. The 
examiner is correct (Answer, page 14), when a word of degree is used 
appellant's specification must provide some standard for measuring that degree. 
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Seattle Box. Co. v. Industrial Crating & Packing, Inc. , 731 F.2d 818, 826, 221 
USPQ 568, 573-574 (Fed. Cir. 1984). 

On this record, appellant asserts (Brief, page 12), it is "understood the 
enhancement of yield or yield stability and improved nutritional quality is relative 
to a plant lacking the single locus. The metes and bounds of the claim are thus 
fully understood by one of skill in the art and the use of the terms is not 
indefinite." On reflection, we agree with appellant. The fact that some claim 
language is not mathematically precise does not per se render the claim 
indefinite. Seattle Box . As set forth in Shatterproof Glass . "[i]f the claims, read in 
the light of the specifications, reasonably apprise those skilled in the art both of 
the utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." In our opinion, a 
person of ordinary skill in the art would have understood the enhancement of 
yield or yield stability and improved nutritional quality is relative to a plant lacking 
the single locus. 

Accordingly we reverse the rejection of claim 30 under 35 U.S.C. § 1 12, 
second paragraph. 

Written Description : 

Claims 6, 1 1 , 24, 25 and 27-31 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, as the specification fails to adequately describe the claimed 
invention. For the following reasons, we reverse. 
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Claims 24-26 " 

Claims 24-26 ultimately depend from claim 23. On this record, the 
examiner has indicated that claim 23 is allowable. Answer, page 2. The 
examiner finds (Answer, page 16), claims 24-26 are drawn to a hybrid plant or 
seed "produced by crossing inbred com plant I026458 with any second, distinct 
inbred corn plant." 

As we understand it, based on this construction of claims 24-26, the 
examiner is of the opinion that since the hybrids inherit only Vi of their diploid 13 
set of chromosomes from the plant of com variety 1026458, a person of skill in 
the art would not have viewed the teachings of the specification as sufficient to 
demonstrate that appellant was in possession of the genus of hybrid seeds and 
plants encompassed by claims 24-26. According to the examiner (Answer, page 
22), "[t]he fact that any hybrid plant will inherit half of its alleles from 1026458 
then does not provide sufficient description of the morphological and 
physiological characteristics expressed by the claimed hybrid plants." 

There is no doubt that the expressed gene products of a hybrid plant, e.g., 
the morphological and physiological traits, of 1026458 and a non-1026458 corn 
plant will depend on the combination of the genetic material inherited from both 
parents. See Answer, page 23. Nevertheless, we disagree with the examiner's 



12 We recognize, as does the examiner (Answer, page 22) that appellant's reference to claims 22- 
26 (Brief, page 14) was intended to be a reference to claims 24 and 25. 

13 According to appellant's specification (page 21), diploid means "a cell or organism having two 
sets of chromosomes." 
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conclusion (id.) that "[t]he fact that any hybrid plant will inherit half of its alleles 
from I026458 then does not provide sufficient description of the morphological 
and physiological characteristics expressed by the claimed hybrid plants." 

On these facts, we find it necessary to take a step back and consider what 
is claimed. The claims are drawn to a F, hybrid seed (claim 24) or plant (claim 
25) resulting from a cross between a plant of corn variety I026458 and a non- 
1026458 com variety. The claims do not require the hybrid to express any 
particular morphological or physiological characteristic. Nor do the claims 
require that a particular non-1026458 com variety be used. 14 All that is required 
by the claims is that the hybrid has one parent that is a plant of corn variety 
1026458. Since the examiner has indicated that the seed and the plant of the 
corn variety 1026458 are allowable (see claims 1 and 5), there can be no doubt 
that the specification provides an adequate written description of this com 
variety. In addition, the examiner appears to recognize (Answer, pages 24-25) 
that appellant's specification describes an exemplary hybrid wherein one parent 
was a plant of the corn variety I026458, see e&. , specification, pages 53-57. 
Accordingly, it is unclear to this merits panel what additional description is 
necessary. 

As set forth in Reiffin v. Microsoft Corp. . 214 F.3d 1342, 1345, 54 
USPQ2d 1915, 1917 (Fed. Cir. 2000), the purpose of the written description 



14 According to appellant (Brief, page 16), "hundreds or even thousands of different inbred corn 
lines were well known to those of skill in the art prior to the filing [date] of the instant application, 
each of which could be crossed to make a hybrid plant with in the scope of the claims." 
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requirement is to "ensure that the scope of the right to exclude, as set forth in the 
claims does not overreach the scope of the inventor's contribution to the field of 
art as described in the patent specification." Here the hybrid seed or plant has 
one parent that is a plant of the corn variety I026458. To that end, to satisfy the 
written description requirement, the inventor "must convey with reasonable clarity 
to those skilled in the art that, as of the fling date sought , he or she was in 
possession of the invention" [emphasis added]. Vas-Cath Inc. v. Mahurkar . 935 
F.2d 1555, 1563-64, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991). For the foregoing 
reasons it is our opinion that appellant has provided an adequate written 
description of the subject matter set forth in claims 24-26.' 5 

We recognize the examiner's argument relating to SSR and isozyme 
markers (Answer, pages 28-33), as well as the examiner's arguments 
concerning a correlation between the hybrid's genome structure and the function 
of the hybrid plant (Answer, pages 24-27). However, for the foregoing reasons, 
we are not persuaded by these arguments. 

Claims 6 and 1 1 

Claims 6 and 1 1 depend ultimately upon claim 5. On this record, the 
examiner has indicated that claim 5 is allowable. Answer, page 2. 

According to the examiner (Answer, page 17), while the specification 
provides the locus names and allele numbers of the SSR markers, the 
specification does not provide the actual nucleotide sequences that make up the 



15 Again, we note as set forth in n. 3. that claim 26 does not appear to further limit the scope of 
claim 25 from which it depends. 
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markers. According to the examiner (jg\), "names of loci alone do not describe 
the structures of the markers themselves. Without a description of the 
sequences of the markers, one cannot confirm their presence." In response, 
appellant points out (Brief, page 13), "the SSR markers were from Celera 
AgGen, Inc., which provides a commercial service for genotyping of maize 
varieties." In other words, a person of ordinary skill in the art could use the 
commercially available service provided by Celera AgGen, Inc. to determine 
whether a corn plant produced by growing a seed of the corn variety I026458 
has an SSR profile which is the same as that shown in Table 6. Therefore, it is 
unclear to this panel why the examiner believes that such a disclosure fails to 
provide adequate written descriptive support for the claimed invention. 16 
Accordingly, we are not persuaded by the examiner's argument. 

Regarding the isozyme typing profile, the examiner finds (Answer, page 
17), "Table 7 provides names of loci where isozyme markers reside, for three 
different corn plants, and a numerical value that represents the numbers of 
alleles at isozyme loci types. The nucleotide sequences that make up these loci 
are not described." In response, appellant points out (Brief, page 13), the 
isozyme "markers are well known and isozyme analysis in general [is] very well 
known having been used for decades." In this regard, we remind the examiner 



16 We are not persuaded by the examiner's assertion (Answer, page 31 ) "that the [commercially 
available) service used to detect SSR markers is currently available is not a guarantee that it will 
remain so for the life of a patent issuing from the application." Cf. In re Metcalfe. 410 F.2d 1 378, 
1382, 161 USPQ 789, 792-3 (CCPA 1969). 
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that the inquiry into whether the description requirement is met must be 
determined on a case-by-case basis and is a question of fact. In re Wertheim . 
541 F.2d 257, 262, 191 USPQ 90, 96 (CCPA 1976). A description as filed is 
presumed to be adequate; unless or until sufficient evidence or reasoning to the 
contrary has been presented by the examiner to rebut the presumption. See 
e^, In re Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971). 
The examiner, therefore, must have a reasonable basis to challenge the 
adequacy of the written description. Accordingly, it is the examiner who has the 
initial burden of establishing by a preponderance of evidence that a person 
skilled in the art would not recognize in an applicant's disclosure a description of 
the invention defined by the claims. Wertheim . 541 F.2d at 263, 191 USPQ at 
97. On this record, the examiner provides no evidence to support the assertion 
that simply because appellant has not provided the sequences that make up the 
loci for particular isozymes, appellant's specification does not adequately 
describe the claimed invention. Accordingly, we are not persuaded by the 
examiner's argument. 

The examiner finds (Answer, page 21), claims 6 and 1 1 require that the 
claimed plant or plant cell exhibit either the claimed SSR profile or the isozyme 
profile. According to the examiner (jg\), "(t]he genome of the cells of the I026458 
seed deposited with the ATCC has both the SSR profile and the isozyme typing 
profile shown in Tables 6 and 7 for that plant. No plant is described in the 
specification that has one genetic marker profile but not the other." The 
examiner's concern appears to be misplaced. To the extent that the examiner is 
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concerned that the claim is open to read on a plant other than a com plant 
produced by growing a seed of the corn variety 1026458, we remind the 
examiner that both claims 6 and 1 1 ultimately depend from claim 5' 7 , which is 
drawn to "[a] corn plant produced by growing a seed of the corn variety 
I026458...." 

It appears that the examiner may have read claims 6 and 1 1 as drawn to 
a com plant or plant cell having only one of the recited profiles. However, as we 
understand claims 6 and 1 1 , determining whether the claimed corn plant (claim 
6) or plant cell (claim 1 1 ) has one of the profiles does not mean that the plant, or 
plant cell would not also exhibit the other profile. 

In addition, we direct the examiner's attention to claims 6 and 1 1 of 
Appeal No. 2005-0396. As we understand it, notwithstanding differences in the 
SSR and isozyme profiles, the disclosure in the specification as well as the 
language of the claims is substantially similar to that of the instant application. 
Nevertheless, the examiner in Appeal No. 2005-0396 apparently found that 
appellant's specification provided an adequate written description of the claimed 
invention as no rejection of claims 6 and 1 1 was made under the written 
description provision of 35 U.S.C. § 112, first paragraph in Appeal No. 2005- 
0396. Accordingly, we find that the examiner has treated claims 6 and 1 1 in a 
manner that is inconsistent with the prosecution of similar claims in related 
application 10/077,589, which is the subject matter of Appeal No. 2005-0396. 



17 The examiner has indicated that claim 5 is allowable. Answer, page 2. 
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For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 

Claims 27-30 

According to the examiner (Answer, page 18), "[c]laims 27-30 are drawn 
towards I026458 plants further comprising a single locus conversion, or wherein 
the single locus was stably inserted into a corn genome by transformation." The 
examiner finds, however, that "the specification does not describe identified or 
isolated single loci for all corn plant traits." Id. More specifically, the examiner 
finds (jd.), claims 27-30 "broadly encompass single loci that have not been 
discovered or isolated." To the extent that the examiner is asserting that 
appellant has not provided an enabling disclosure of single loci that have not 
been identified, we note that to satisfy the written description requirement, the 
inventor "must convey with reasonable clarity to those skilled in the art that, as of 
the filing date sought , he or she was in possession of the invention" [emphasis 
added]. Vas-Cath . 

Nevertheless, it may be that the examiner's concern (Answer, page 35), is 
that "single genes that alone govern 'yield enhancement' or 'enhanced yield 
stability' have not been discovered." In this regard, the examiner asserts 
(Answer, page 36), "the references cited in the specification do not describe 
isolated single genes or loci that confer yield enhancement or yield stability." 
Therefore, the examiner concludes (|g\), "[a]ppellant cannot be in possession of 
plants further comprising single loci that have yet to be identified." The 
examiner, however, provides no evidence to support the assertion that a person 
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of ordinary skill in the art would not recognize that single loci for yield 
enhancement or yield stability are known in the art. In this regard, we note that 
appellant discloses (specification, page 31), "[m]any single locus traits have been 
identified ... examples of these traits include, but are not limited to, ... enhanced 
nutritional quality, industrial usage, yield stability, and yield enhancement." It 
appears that the examiner has overlooked appellant's assertion that single locus 
traits for yield stability and yield enhancement are well known in the art. To this 
end, we direct the examiner's attention to, for example, United States Patent No. 
5,936,145 ('145)' 8 , issued August 10, 1999, which is prior to the filing date of the 
instant application. For clarity, we reproduce claims 8, 29 and 39 of the '145 
patent below: 

8. A corn plant having all the physiological and morphological 

characteristics of corn plant 87DIA4, a sample of the seed of said corn 
plant having been deposited under ATCC Accession No. 203192. 

29. The corn plant of claim 8, further comprising a single gene conversion. 

. 39. The single gene conversion of the corn plant of claim 29, where the 
gene confers enhanced yield stability. 

As we understand it, claim 39 of the '145 patent, is drawn to a corn plant which 

comprises a single gene conversion, wherein the gene confers enhanced yield 

stability. Thus, contrary to the examiner's assertion it appears, for example, that 

a single gene that confers enhanced yield stability was known in the art prior to 

the filing date of the instant application. We remind the examiner "a patent need 



18 We note that the assignee of the "145 patent is DeKalb Genetics Corporation. The assignee of 
the present application is Monsanto Company, the parent of wholly-owned subsidiary DeKalb 
Genetics Corporation. 
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not teach, and preferably omits, what is well known in the art." Hvbritech 
Incorporated v. Monoclonal Antibodies, Inc. 802 F.2d 1367, 1385,231 USPQ 81, 
94 (Fed.Cir. 1986). 

We remind the examiner that the inquiry into whether the description 
requirement is met must be determined on a case-by-case basis and is a 
question of fact. In re Wertheim , 541 F.2d 257, 262, 191 USPQ 90, 96 (CCPA 
1976). A description as filed is presumed to be adequate; unless or until 
sufficient evidence or reasoning to the contrary has been presented by the 
examiner to rebut the presumption. See exj., In re Marzocchi . 439 F.2d 220, 
224, 169 USPQ 367, 370 (CCPA 1971). The examiner, therefore, must have a 
reasonable basis to challenge the adequacy of the written description. 
Accordingly, it is the examiner who has the initial burden of establishing by a 
preponderance of evidence that a person skilled in the art would not recognize in 
an applicant's disclosure a description of the invention defined by the claims. 
Wertheim . 541 F.2d at 263, 191 USPQ at 97. On this record, the examiner 
provides no evidence to support the assertion that single loci that govern, for 
example, yield enhancement or enhanced yield stability are not described. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 

Claim 31 

Claim 31 is drawn to a method of producing an inbred corn plant derived 
from the corn variety I026458. The claimed method begins by crossing a plant of 
the corn variety I026458 with any other com plant. The method requires that the 
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progeny corn plant be crossed either to itself, or with any other corn plant, and 
that the progeny of this cross be further crossed to itself, or with another corn 
plant, and so on throughout several generations. As we understand it, claim 31, 
in its simplest form, is directed to a method of using a plant of the corn variety 
I026458 to produce an inbred corn plant. 

Nevertheless, the examiner finds (Answer, page 19), u [a] review of the 
claim indicates that hybrid progeny of com plant I026458 are required to perform 
further crosses, and that progeny of subsequent generations can be further 
outcrossed with different corn plants." Therefore, the examiner concludes (id.), 
"[t]he hybrid progeny of corn plant I026458, and progeny plants of subsequent 
generations, are essential to operate the claimed method." As we understand 
the examiner's argument, not only does appellant have to provide a written 
description of the starting corn plant (I026458), but appellant also must look into 
the future to determine every other potential corn plant that someone may wish 
to cross with the I026458 corn variety, and provide written descriptive support for 
not only every other corn plant that could be crossed with I026458, but also the 
resulting progeny of each cross. 

As set forth in Reiffin , the purpose of the written description requirement is 
to "ensure that the scope of the right to exclude, as set forth in the claims does 
not overreach the scope of the inventor's contribution to the field of art as 
described in the patent specification." Here the method of producing an inbred 
corn plant requires a plant of the com variety I026458 be used as the starting 
material. To that end, to satisfy the written description requirement, the inventor 
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"must convey with reasonable clarity to those skilled in the art that, as of the filing 
date sought , he or she was in possession of the invention" [emphasis added]. 
Vas-Cath . The examiner has indicated that a claim to a plant of the corn variety 
1026458 is allowable, see e^g., appellant's claim 5. Therefore, in our opinion, 
there can be no doubt that appellant was in possession of a plant of the corn 
variety 1026458, in addition to a method of using that plant to cross with any 
other com plant to produce an inbred com plant as set forth in appellant's claim 
31. 

In our opinion, it matters not what the other corn plants are, or what the 
progeny of a cross between corn variety I026458 and some other corn plant 
represents. As the examiner explains (Answer, page 20), patentability of the 
method of claim 31 "does not lie in the method steps, which require the simple 
acts of crossing corn plants, allowing progeny seed to be produced, and growing 
progeny plants from the seed...." In our opinion, patentability of the method of 
claim 31 does not lie in the various other or second corn plants either. In our 
opinion, patentability of the method of claim 31 lies in the use of the corn variety 
I026458. Accordingly, for the foregoing reasons, it is our opinion that appellant 
has "convey[ed] with reasonable clarity to those skilled in the art that, as of the 
filing date sought, [they were] in possession of the invention," Vas-Cath 
(emphasis omitted). 
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Summary 

For the foregoing reasons, we reverse the rejection of claims 6, 1 1 , 24, 25 
and 27-31 under the written description provision of 35 U.S.C. § 1 12, first 
paragraph. 

Enablement : 

Claims 27-30 stand rejected under the enablement provision of 35 U.S.C. 
§112, first paragraph. The examiner finds (Answer, page 41 ), claims 27-30 "are 
broadly drawn towards inbred corn plant I026458 further defined as having a 
genome comprising any single locus conversion, encoding any trait; or wherein 
the single locus was stably inserted into a corn genome by transformation." The 
examiner presents several lines of argument under this heading. We take each 
in turn. 

I. Retaining all the morphological and physiological traits of IQ26458 : 

According to the examiner (Answer, page 41, emphasis added), 
appellant's specification "does not teach any I026458 plants comprising a single 
locus conversion produced by backcrossing, wherein the resultant plant retains 
all of its morphological and physiological traits in addition to exhibiting the single 
trait conferred by the introduced single locus. With reference to Hunsperger, 
Kraft, and Eshed the examiner asserts (Answer, bridging sentence, pages 44- 
45), "[t]he rejection raises the issue of how linkage drag hampers the insertion of 
single genes alone into a plant by backcrossing, while recovering all of the 
original plant's genome." 
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We note, however, that claims 27-30 do not require that the single locus 

conversion plant retain all of the morphological and physiological traits of the 

parent plant in addition to exhibiting the single trait conferred by the introduction 

of the single loci. Nor do claims 27-30 require that the resultant plant retain all of 

the original plant's genome in addition to the single locus transferred into the 

inbred via the backcrossing technique. As appellant explains (specification, 

page 30, emphasis added), 

[t]he term single locus converted plant as used herein refers to 
those corn plants which are developed by a plant breeding 
technique called backcrossing wherein essentially all of the desired 
morphological and physiological characteristics of an inbred are 
recovered in addition to the single locus transferred into the inbred 
via the backcrossing technique. 

See also appellant's definition of single locus converted (conversion) plant at 

page 23 of the specification. We find nothing in the appellant's specification to 

indicate that the single locus converted plant retains all of the morphological and 

physiological traits, or all of the genome, of the parent plant in addition to the 

single locus transferred via the backcrossing technique. Accordingly, we 

disagree with the examiner's construction of claims 27-30 as "directed to exactly 

plant 1026458 further comprising the single locus," which appears to disregard 

appellant's definition of a single locus converted plant. See Answer, page 46, 

emphasis added. 

The examiner appears to appreciate (Answer, page 46) that appellant's 
specification provides an example of a converted plant. See specification, 
pages 35-36. However, for the foregoing reasons, we are not persuaded by the 
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examiner's assertion (Answer, page 46) that the specification provides "no 
indication that aj of the morphological and physiological traits of [this converted] 
... corn plant were recovered, and that only one single locus was transferred 
from the donor plant." To the contrary, the examiner provides no evidence that 
the converted plant exemplified in appellant's specification did not retain 
essentially all of the desired morphological and physiological characteristics of 
the inbred in addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. 

Further, we recognize appellant's argument (Brief, page 29) that the 
examiner failed to establish a nexus between Hunsperger's discussion of 
petunias; Kraft's discussion of sugar beets; and Eshed's discussion of tomatoes, 
and the subject matter of the instant application - com. Absent evidence to the 
contrary, we agree with appellant (id,), "[t]he [examiner's] indication 1 ' 91 that the 
references concerning petunias, sugar beets and tomatoes apply to corn is 
made without any support." That the examiner has failed to identify (Answer, 
page 45) an example "in the prior art of plants in which linkage drag does not 
occur," does not mean that linkage drag is expected to occur in corn breeding, 
which according to appellant (Reply Brief, page 1 1) "is extremely advanced and 
well known in the art...." In this regard, we agree with appellant (Brief, page 30; 
Accord Reply Brief, page 11), the examiner has improperly placed the burden on 
appellant to demonstrate that the examiner's unsupported assertion is not true. 

19 See Answer page 45, wherein the examiner asserts "[l]inkage drag appears to be a 
phenomenon that occurs in all plant types." 
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We remind the examiner, as set forth in In re Wright . 999 F.2d 1557, 1561-62, 27 

USPQ2d 1510, 1513 (Fed. Cir. 1993): 

When rejecting a claim under the enablement requirement of 
section 112, the PTO bears an initial burden of setting forth a 
reasonable explanation as to why it believes that the scope of 
protection provided by that claim is not adequately enabled by the 
description of the invention provided in the specification of the 
application; this includes, of course, providing sufficient reasons for 
doubting any assertions in the specification as to the scope of 
enablement. 

II. What plant is transformed in claim 28 ? 

We recognize the examiner's assertion (Answer, page 43) that while claim 
28 requires that a single locus be stably inserted into a corn genome by 
transformation, the claim does not indicate whether (1 ) the I026458 plant was 
transformed with the single locus, or (2) some other corn plant was transformed 
with the single locus and then introduced into I026458 by crossing. However, as 
appellant points out (Brief, page 11), claim 28 "specifies that the single locus was 
stably inserted into a corn genome. Loci that are stably inserted into a corn 
genome are also stably inherited. Thus the single locus need not have been 
inserted into the genome of corn variety I026458." Accordingly, the I026458 
plant may be transformed with the single locus, or another plant may be 
transformed with the single locus and then introduced into I026458 by crossing. 

It may be that the examiner is concerned that by transforming a non- 
1026458 plant with a single locus and then introducing this locus into 1026458 by 
crossing would result in a plant that does not retain all of the morphological and 
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physiological traits, or aH of the genome, of the 1026458 plant. For the foregoing 
reasons, however, this line of reasoning is not persuasive. 
III. The single locus to be introduced : 

The examiner finds (Answer, page 43), "the claims do not place any limit 
on the single locus to be introduced" into 1026458 plants. The examiner 
recognizes, however, that "[t]he prior art shows that hundreds of nucleotide 
sequences encoding products that confer various types of plant traits have been 
isolated at the time the instant invention was filed." ]d. In addition, the examiner 
recognizes (id.), "[o]ne skilled in the art can transform any of these isolated 
nucleotide sequences known in the prior art into a corn plant cell, and regenerate 
a transgenic plant from the transformed cell." 

Nevertheless, the examiner finds (Answer, bridging sentence, pages 43- 
44), u [u]ndue experimentation would be required by one skilled in the art to 
isolate single loci that govern the traits encompassed by the claims." In this 
regard, the examiner asserts (Answer, page 45) that the claims broadly 
encompass corn plants comprising any type of single loci, including those that 
have not yet been identified or isolated. To the extent that the examiner is 
asserting that appellant has not provided an enabling disclosure of single loci 
that have not been identified, we note that enablement under 35 U.S.C. § 1 1 2, 
first paragraph is evaluated as of appellant's filing date. As set forth in Chiron 
Corp. v. Genentech Inc. , 363 F.3d 1247, 1254, 70 USPQ2d 1321, 1325-26 (Fed. 
Cir. 2004), "a patent document cannot enable technology that arises after the 
date of application. The law does not expect an applicant to disclose knowledge 
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invented or developed after the filing date. Such disclosure would be impossible. 
See In re Hogan , 559 F.2d 595, 605-06 [194 USPQ 527] (CCPA 1977)." 

The examiner's comment, however, may be directed to his assertion 
(Answer, page 43) that "isolated loci whose products confer yield enhancement 
or enhanced yield stability (recited in claim 30), are not known in the prior art." 
However, as discussed, supra , it appears that contrary to the examiner's 
assertion a single locus that confers the trait of, for example, yield enhancement 
was known in the art prior to the filing date of the instant invention. In addition, 
as discussed, supra , appellant's specification asserts that such traits were known 
in the art. See specification, page 31. Accordingly, as set forth in ln_re 
Marzocchi . 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971), the burden is 
on 

the Patent Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any statement in a 
supporting disclosure and to back up assertions of its own with 
acceptable evidence or reasoning which is inconsistent with the 
contested statement. Otherwise, there would be no need for the 
applicant to go to the trouble and expense of supporting his 
presumptively accurate disclosure. 

On this record, we find only the examiner's unsupported conclusions as to 
why the specification does not enable the claimed invention. We remind the 
examiner that nothing more than objective enablement is required, and therefore 
it is irrelevant whether this teaching is provided through broad terminology or 
illustrative examples. Marzocchi . 439 F.2d at 223, 169 USPQ at 369. In the 
absence of an evidentiary basis to support the rejection, the examiner has not 
sustained his initial burden of establishing a prima facie case of non-enablement. 



Appeal No. 2004-2343 Page 34 

Application No. 09/772,520 

In this regard, we note that the burden of proof does not shift to appellant until 
the examiner first meets his burden. Marzocchi , 439 F.2d at 223-224, 169 
USPQ at 369-370. 

We also recognize the examiner's assertion (Answer, page 44) that claims 
27-29 "encompass plants with single loci whose functions are unknown ... [or 
where] the effects of expression of the single locus on the traits expressed by 
I026458 are unknown." While this may be true, the examiner has not provided 
any evidence to suggest that it would require undue experimentation to obtain a 
single locus converted plant wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in addition to the 
characteristics conferred by the single locus transferred into the inbred via the 
backcrossing technique. See specification, page 23. 

While it is not expressly stated in the text of the examiner's rejection, it 
may be that the examiner is concerned that the claims include inoperative 
embodiments. If so, the examiner is directed to Atlas Powder Co. v. E.I. DuPont 
De Nemours & Co. . 750 F.2d 1569, 1576-77, 224 USPQ 409, 414 (Fed. Cir. 
1984): 

Even if some of the claimed combinations were inoperative, the 
claims are not necessarily invalid. "It is not a function of the claims 
to specifically exclude ... possible inoperative substances...." In re 
Dinh-Nquven . 492 F.2d 856, 859-59, 1 81 USPQ 46, 48 (CCPA 
1974)(emphasis omitted). Accord . In re Geerdes . 491 F.2d 1260, 
1265, 180 USPQ 789, 793 (CCPA 1974); In re Anderson . 471 F.2d 
1237, 1242, 176 USPQ 331, 334-35 (CCPA 1971). Of course, if 
the number of inoperative combinations becomes significant, and in 
effect forces one of ordinary skill in the art to experiment unduly in 
order to practice the claimed invention, the claims might indeed be 
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invalid. See e^, In re Cook . 439 F.2d 730, 735, 169 USPQ 298, 
302 (CCPA 1971). 

On this record, the examiner provides no evidence that the number of 
inoperative embodiments is so large that a person of ordinary skill in the art 
would have to experiment unduly to practice the claimed invention. To the 
contrary, the examiner recognizes (Answer, page 43) that "[t]he prior art shows 
that hundreds of nucleotide sequences encoding products that confer various 
types of plant traits have been isolated at the time the instant invention was 
filed"; and that "[o]ne skilled in the art can transform any of these isolated 
nucleotide sequences known in the prior art into a corn plant cell, and regenerate 
a transgenic plant from the transformed cell." Accordingly, we are not persuaded 
by the examiner's unsupported assertions. 

For the foregoing reasons, we reverse the rejection of claims 27-30 under 
the enablement provision of 35 U.S.C. § 1 12, first paragraph. 
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SUMMARY 



We reverse the rejection of claims 3, 6, 11, 14-20, and 27-30 under 35 
U.S.C. § 112, second paragraph. 

We reverse the rejection of claims 6, 1 1 , 24, 25 and 27-31 under the 
written description provision of 35 U.S.C. § 1 12, first paragraph. 

We reverse the rejection of claims 27-30 under the enablement provision 
of 35 U.S.C. § 112, first paragraph. 

For the reasons set forth in n. 5 infra, we have not considered the merits 
of the rejection of claim 26 under the written description provision of 35 U.S.C. 
§112, first paragraph. 



REVERSED 
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ADAMS, Administrative Patent Judge . 



DECISION ON APPEAL 
This is a decision on the appeal under 35 U.S.C. § 134 from the 
examiner's final rejection of claims 3, 6, 11, 14-20, 24, 25, and 27-31. The 
examiner has indicated that claims 1, 2, 5, 7-10, 12, 13 and 21-23 are allowable. 
Answer, page 2. Claims 4 and 26 are cancelled. Brief, page 2. 



1 This appeal is substantially similar to Appeal No. 2004-1503, Application No. 09/606.808; 
Appeal No. 2004-1506, Application No. 09/771,938; Appeal No. 2004-1968. Application No. 
10/00.031 1; Appeal No. 2004-2343. Application No. 09/772.520; and Appeal No. 2005-0396. 
Application No. 10/077,589. which all share the same assignee, Monsanto Company, the parent 
of wholly-owned subsidiary DeKalb Genetics Corporation. Accordingly we have considered these 
appeals together. 



2 We note that examiner Ashwin Meta presented arguments at the oral hearing. 
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Claims 3, 6, 15, 16, 17, 27, 28, 30 and 31 are illustrative of the subject 
matter on appeal and are reproduced below. In addition, for convenience, we 
have reproduced allowable claims 2 and 5 below: 

2. A population of seed of the com variety 101 5036, wherein a sample of the 
seed of the com variety 1015036 was deposited under ATCC Accession 
No. PTA-3225. 

3. The population of seed of claim 2, further defined as an essentially 
homogeneous population of seed. 

5. A corn plant produced by growing a seed of the corn variety 101 5036, 
wherein a sample of the seed of the com variety 101 5036 was deposited 
under ATCC Accession No. PTA-3225. 

6. The corn plant of claim 5, having: 

(a) an SSR profile in accordance with the profile shown in Table 6; or 

(b) an isozyme typing profile in accordance with the profile shown in 
Table 7. 

15. A corn plant capable of expressing all the physiological and 
morphological characteristics of the com variety 1015036, wherein a 
sample of the seed of the com variety 1015036 was deposited under 
ATCC Accession No. PTA-3225. 

16. The com plant of claim 15, further comprising a nuclear or cytoplasmic 
gene conferring male sterility. 

17. A tissue culture of regenerable cells of a plant of corn variety 1015036, 
wherein the tissue is capable of regenerating plants capable of 
expressing all the physiological and morphological characteristics of the 
com variety 1015036, wherein a sample of the seed of the corn variety 
1015036 was deposited under ATCC Accession No. PTA-3225. 

27. The corn plant of claim 5, further defined as having a genome comprising 
a single locus conversion. 

28. The corn plant of claim 27, wherein the single locus was stably inserted 
into a corn genome by transformation. 

30. The corn plant of claim 27, wherein the locus confers a trait selected from 
the group consisting of herbicide tolerance; insect resistance; resistance 
to bacterial, fungal, nematode or viral disease; yield enhancement; waxy 
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starch; improved nutritional quality; enhanced yield stability; male sterility 
and restoration of male fertility. 

31 . A method of producing an inbred com plant derived from the corn variety 
1015036, the method comprising the steps of: 

(a) preparing a progeny plant derived from the corn variety 101 5036 by 
crossing a plant of the com variety 101 5036 with a second corn 
plant, wherein a sample of the seed of the com variety 101 5036 
was deposited under ATCC Accession No. PTA-3225; 

(b) crossing the progeny plant with itself or a second plant to produce 
a seed of a progeny plant of a subsequent generation; 

(c) growing a progeny plant of a subsequent generation from said 
seed and crossing the progeny plant of a subsequent generation 
with itself or a second plant; 

(d) repeating steps (b) and (c) for an additional] 3-10 generations to 
produce an inbred com plant derived from the corn variety 1015036. 

The references relied upon by the examiner are: 

Hunspergeretal.(Hunsperger) 5,523,520 Jun.4, 1996 

Eshed et al. (Eshed), "Less-Than-Additive Epistatic Interactions of Quantitative 
Trait Loci in Tomato," Genetics . Vol. 143, pp. 1807-17 (1996) 

Kraft et al. (Kraft), "Linkage Disequilibrium and Fingerprinting in Sugar Beet," 
Theoretical and Applied Genetics . Vol. 101, pp. 323-36 (2000) 

GROUNDS OF REJECTION 

Claim 3 stands rejected under 35 U.S.C. § 112, second paragraph as 

indefinite in the recitation of the phrase "an essentially homogeneous population 

of seed." 

Claim 14 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase °[a]n essentially homogeneous 
population of corn plants produced by growing the seed of the corn variety 
1015036." 
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Claims 6 and 1 1 stand rejected under 35 U.S.C. § 1 12, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." 

Claims 15, and 17-20 3 stand rejected under 35 U.S.C. § 112, second 
paragraph as indefinite in the recitation of the phrase "capable of expressing." 

Claims 16 and 27-30 4 stand rejected under 35 U.S.C. § 112, second 
paragraph as failing to limit the scope of the claims from which they depend. 

Claim 28 stands rejected under 35 U.S.C. § 1 1 2. second paragraph as 
indefinite in the recitation of "the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a com genome.'" 

Claim 30 stands rejected under 35 U.S.C. § 1 12, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." 

Claims 6, 11, 24, 25 and 27-31 stand rejected under the written 
description provision of 35 U.S.C. § 112, first paragraph. 

Claims 27-30 stand rejected under the enablement provision of 35 U.S.C. 
§ 112, first paragraph. 

We reverse. 

3 According to the examiner (Answer, page 13), since claim 18 depends from claims 17 it is 
included in this rejection. We also note, while the examiner lists (Answer, page 4) claim 19 as 
rejected under 35 U.S.C. § 1 12, second paragraph, the examiner fails to explain the basis of this 
rejection. Accordingly, we assume since claim 19 ultimately depends from claim 17. claim 19. like 
claim 18, was intended to be included in this rejection. 

4 According to the examiner (Answer, page 4), "[cjlaims . . . 27-30 ... stand rejected under 35 
U.S.C. [§] 112, second paragrarph..." The examiner, however, provides no explanation as to why 
daim 29 is rejected. We can only assume that since claim 29. as well as claims 28 and 30. each 
depend from claim 27. they are rejected for the same reason as claim 27. Accordingly, we have 
included claims 28-30 with this ground of rejection. 
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BACKGROUND 

The present "invention relates to inbred corn seed and plants of the 
variety designated 1015036, and derivatives and tissue cultures thereof." 
Specification, page 1. According to appellant (specification, page 27), "(a) 
description of the physiological and morphological characteristics of corn plant 
1015036 is presented in Table 3" of the specification, pages 27-29. On this 
record the examiner has indicated that claims drawn to plants, plant parts, and 
seed of the corn variety designated 1015036 are allowable. See ejj., claims 1 , 2, 
5, 7-10, 12 and 13, and Answer, page 2, wherein the examiner states "[c]laims 1 , 
2, 5, 7-1 0, 1 2 (and) 1 3 ... are allowed." 

A second aspect of the present invention comprises hybrid plants and 
processes "for producing [first generation (F,) hybrid 5 ] corn seeds or plants, 
which ... generally comprise crossing a first parent corn plant with a second 
parent com plant, wherein at least one of the first or second parent corn plants is 
a plant of the variety designated 1015036." Specification, pages 7-9. On this 
record the examiner has indicated that claims drawn to a process of producing 
corn seed wherein the process comprises crossing a first parent corn plant with a 
second parent corn plant are allowable. See ag.. claims 21-23 and Answer, 
page 2, wherein the examiner states claims "21-23 are allowed." 



5 According to the specification (page 21 ), a F, hybrid is °[t]he first generation progeny of the 
cross of two plants.' During oral hearing, appellant confirmed that all claims drawn to hybrid 
plants or hybrid seeds (see ejj.. claims 24 and 25) refer to F, hybrids. 
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A third aspect of the present invention comprises single locus converted 

plants of the corn variety 1015036. Specification, page 6. As appellant explains 

(specification, page 23, emphasis added), single locus converted (conversion) 

plants are those plants 

which are developed by a plant breeding technique called 
backcrossing wherein essentially aN of the desired morphological 
and physiological characteristics of an inbred are recovered in 
addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique. A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

As appellant explains (specification, page 31): 

Many single locus traits have been identified that are not regularly 
selected for in the development of a new inbred but that can be 
improved by backcrossing techniques. Single locus traits may or 
may not be transgenic; examples of these traits include, but are not 
limited to, male sterility, waxy starch, herbicide resistance, 
resistance for bacterial, fungal, or viral disease, insect resistance, 
male fertility, enhanced nutritional quality, industrial usage, yield 
stability, and yield enhancement. These genes are generally 
inherited through the nucleus, but may be inherited through the 
cytoplasm. Some known exceptions to this are genes for male 
sterility, some of which are inherited cytoplasmically, but still act as 
single locus traits. 

A final aspect of the present invention is directed to a process of 
producing an inbred corn plant derived from a plant of the corn variety 1015036. 
See e^, claim 31. According to appellant's specification (bridging paragraph, 
pages 10-11), 

the present invention provides a method of producing an inbred 
corn plant derived from the com variety 1015036, the method 
comprising the steps of: (a) preparing a progeny plant derived from 
corn variety 1015036, wherein said preparing comprises crossing a 
plant of the corn variety 1015036 with a second com plant, and 



Appeal No. 2004-2317 
Application No. 09/771,938 



Page 7 



wherein a sample of the seed of corn variety 1015036 has been 
deposited under ATCC Accession No. ... [PTA-3225]; (b) crossing 
the progeny plant with Itself or a second plant to produce a seed of 
a progeny plant of a subsequent generation; (c) growing a progeny 
plant of a subsequent generation from said seed of a progeny plant 
of a subsequent generation and crossing the progeny plant of a 
subsequent generation with itself or a second plant; and (d) 
repeating steps (c) and (d) for an addition 3-10 generations to 
produce an inbred corn plant derived from the corn variety 1015036. 
In the method, it may be desirable to select particular plants 
resulting from step (c) for continued crossing according to steps (b) 
and (c). By selecting plants having one or more desirable traits, an 
inbred corn plant derived from the com variety 1015036 is obtained 
which possesses some of the desirable traits of corn variety 
1015036 as well potentially other selected traits. 

According to the examiner (Answer, page 36), M [t]he patentability of the method 

of claim 31 does not lie in the method steps, which require the simple acts of 

crossing corn plants, allowing progeny seed to be produced, and growing 

progeny plants from the seed...." Therefore, as we understand this aspect of the 

claimed invention (e.g. , claim 31), the intent is not to claim a specific inbred corn 

plant resulting from the claimed process. See claim 31. Instead, as we 

understand it, claim 31 is drawn to a process wherein an inbred corn plant is 

derived from the corn variety 1015036. 

As appellant explains (specification, page 3), 

The development of uniform com plant hybrids requires the 
development of homozygous inbred plants, the crossing of these 
inbred plants, and the evaluation of the crosses. Pedigree breeding 
and recurrent selection are examples of breeding methods used to 
develop inbred plants from breeding populations. Those breeding 
methods combine the genetic backgrounds from two or more 
inbred plants or various other broad-based sources into breeding 
pools from which new inbred plants are developed by selfing and 
• selection of desired phenotypes. The new inbreds are crossed with 
other inbred plants and the hybrids from these crosses are 
evaluated to determine which of those have commercial potential. 



Appeal No. 2004-2317 Page 8 

Application No. 09/771,938 

We emphasize, that while "new inbreds" having commercial potential may result 
from the method set forth in claim 31, the claim does not encompass any specific 
plant that is produced as a result of the method. Rather the claim encompasses 
only a method of producing an inbred com plant that is " derived " from the corn 
variety 1015036. The examiner has indicated that a claim drawn to a corn plant 
of the corn variety 1015036 is allowable. Seee^g., claim 5, and Answer, page 2, 
wherein the examiner states that claim 5 is allowed. 

Against this backdrop, we now consider the rejections of record. 

DISCUSSION 

Definiteness : 

Claims 3, 6, 11 , 14-20 and 27-30 stand rejected under 35 U.S.C. § 1 12, 
second paragraph. For the following reasons we reverse. 

Claim 3 

Claim 3 depends from independent claim 2, and stands rejected under 35 
U.S.C. § 112, second paragraph as indefinite in the recitation of the phrase "an 
essentially homogeneous population of seed...." Answer, bridging paragraph, 
pages 4-5. According to the examiner (Answer, page 4), claim 2 is drawn to "'[a] 
population of seed of the com variety 1015036, wherein a sample of the seed of 
the com variety 1015036 was deposited under ATCC Accession No. PTA-3225." 
Thus, the examiner finds (Answer, page 5), the population of seed set forth in 
claim 2 "is a homogeneous population of seed of corn variety 1015036." 
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Accordingly, the examiner finds (id.), u [t]he recitation, 'essentially homogeneous/ 

in claim 3 ... appear[s] to be superfluous." 

However, as disclosed in appellant's specification (page 5), 

[essentially homogeneous populations of inbred seed are those 
that consist essentially of the particular inbred seed, and are 
generally free from substantial numbers of other seed, so that the 
inbred seed forms between about 90% and about 100% of the total 
seed, and preferably, between about 95% and about 100% of the 
total seed. 

Accordingly, we disagree with the examiner's assertion (Answer, page 6) 
that claim 3 is unclear simply because it may contain seed other than the seed of 
the corn variety 1015036. We remind the examiner that claim language must be 
analyzed "not in a vacuum, but always in light of the teachings of the prior art 
and of the particular application disclosure as it would be interpreted by one 
possessing the ordinary skill in the pertinent art." In re Moore . 439 F.2d 1232, 
1235, 169 USPQ 236, 238 (CCPA 1971). Here, notwithstanding appellant's 
comments 6 , it is our opinion that a person of ordinary skill in the art would 
recognize that an essentially homogeneous population of seed of the corn 
variety 101 5036 is a population of seed that is generally free from substantial 
numbers of other seed, e.g., wherein com variety 1015036 seed forms between 
about 90% and about 100% of the total seed in the population. 7 



8 According to appellant (Brief, page 7), an essentially homogeneous population of seed, is a 
population of seed that could be of non-uniform size and shape. 

7 Cf. the examiner's statement (Answer, page 6), "amending claim 3 to read § [a]n essentially 
homogeneous population of corn seeds consisting essentially of seed of claim 1 \ would obviate 
this rejection." 
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Accordingly, we reverse the rejection of claim 3 under 35 U.S.C. § 1 1 2, 
second paragraph. 

Claim 14 . 

Claim 14 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrase u [a]n essentially homogeneous 
population of corn plants produced by growing the seed of the corn variety 
1015036." Answer, page 6. According to the examiner (Answer, bridging 
paragraph, pages 6-7), u [t]he 1015036 seed can only produce 1015036 plants. ... 
[Therefore,] [t]he population can ... only consist of 1015036 plants." Accordingly, 
the examiner finds it unclear "why the population is referred to as 'essentially 
homogeneous,' since such populations can comprise more than one variety of 
plant." Answer, page 7. 

As appellant discloses (specification, page 6), "[tjhe population of inbred 
com seed of the invention can further be particularly defined as being essentially 
free from hybrid seed. The inbred seed population may be separately grown to 
provide an essentially homogeneous population of inbred com plants designated 
1015036." As we understand the claim, growing the seed of claim 3, for example, 
would produce an essentially homogeneous population of corn plants of the corn 
variety 101 5036. 6 



8 Cf. The examiner's statement (Answer, page 8), amending claim 14 "to read, '[a]n essentially 
homogeneous population of com plants produced by growing a population of corn seed consisting 
essentially of the seed of corn plant 1015036..." would obviate the rejection." 
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In addition, we direct the examiner's attention to Appeal No. 2005-0396, 
wherein a claim similar to claim 14 was presented for our review. In Appeal No. 
2005-0396, the examiner of record indicated that claim 14, directed to "[a]n 
essentially homogeneous population of corn plants produced by growing the 
seed of the corn variety 1180580...." was allowable. Accordingly, we find that the 
examiner has treated claim 14 in a manner that is inconsistent with the 
prosecution of claim 14 in 2005-0396. As we understand it, the only difference 
between claim 14 as it appears in Appeal No. 2005-0396 and the instant appeal 
is the variety of com seed from which the plant is produced. 

* 

Accordingly we reverse the rejection of claim 14 under 35 U.S.C. § 1 12, 
second paragraph. 

Claims 6 and 11 

Claims 6 and 11 stand rejected under 35 U.S.C. § 112, second paragraph 
as indefinite in the recitation of the phrase "in accordance with." According to the 
examiner (Answer, page 9), it is unclear if a plant "that generally follows the trend 
of the profile of Table 6, but which differs at one or a few loci, [would] be 
considered in 'conformity 1 or 'in accordance' with the profile of Table 6." 

On this record, we understand the phrase "in accordance with 0 as it is 

used in claims 6 and 1 1 to mean "the same" 9 . Stated differently, we understand 

the claims to read: 

6. The com plant of claim 5, having: 

(a) the same SSR profile as shown in Table 6; or 

9 During the February 10, 2005 oral hearing appellant's representative confirmed that the phrase 
"in accordance with" was intended to mean "the same." 
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(b) the same isozyme typing profile as shown in Table 7. 

1 1 . The plant part of claim 10, wherein said cell is further defined as having: 

(a) The same SSR profile as shown in Table 6; or 

(b) The same isozyme typing profile as shown in Table 7. 

Accordingly we reverse the rejection of claims 6 and 1 1 under 35 U.S.C. 
§112, second paragraph. 

Claims 15 and 17-20 

Claims 15, and 17-20 stand rejected under 35 U.S.C. § 112, second 

paragraph as indefinite in the recitation of the phrase "capable of expressing," or 

"capable of regenerating." According to the examiner (Answer, page 1 1 ), the 

claims do "not make clear if the plant actually expresses the traits, or when or 

under what conditions the traits are expressed." In this regard, the examiner 

finds (Answer, page 12), 

while the plant has the capacity to express the characteristics, for 
some reason it may not. Certain characteristics of a plant are 
expressed only at certain times of its life cycle, and are incapable 
of being expressed at other times. The colors of flower parts such 
as silks, or fruit parts such as husks, are examples. The promoters 
of many genes conferring traits require a transcription factor to 
become active. Is a plant that has such a gene, but not the 
transcription factor, considered "capable of expressing" that gene, 
and the trait associated with that gene, and is such a plant 
encompassed by the claims? 

To address the examiner's concerns, we find it sufficient to state that if a plant 

has the capacity to express the claimed characteristics it meets the requirement 

of the claim regarding "capable of," notwithstanding that due to a particular 

phase of the life cycle the plant is not currently expressing a particular 

characteristic. Alternatively, if a plant is incapable of expressing the claimed 
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characteristics at any phase of the life cycle, because it lacks, for example, the 
"transcription factor" required for expression - such a plant would not meet the 
requirement of the claim regarding "capable of." 

Here, we find the examiner's extremely technical criticism to be a 
departure from the legally correct standard of considering the claimed invention 
from the perspective of one possessing ordinary skill in the art. 10 In our opinion, 
a person of ordinary skill in the art would understand what is claimed. Amqen 
Inc. v. Chuqai Pharmaceutical Co.. Ltd. . 927 F.2d 1200, 1217, 18 USPQ2d 1016, 
1030 (Fed. Cir. 1991 ). We find the same to be true for the phrase "capable of 
as set forth in claims 17-20. 

Accordingly we reverse the rejection of claims 15, and 17-20 under 35 
U.S.C. § 112, second paragraph. 

Claims 16 and 27-30 

Claims 16 and 27-30 stand rejected under 35 U.S.C. § 112, second 
paragraph as failing to limit the scope of the claims from which they depend. 
According to the examiner (Answer, page 9), since the plant set forth in claim 1 6 
is male sterile it cannot express all the morphological and physiological 
characteristics of the male fertile com variety 1015036. Similarly, the examiner 
finds it unclear whether the plant set forth in claim 27 has all the characteristics 
of the plant set forth in claim 5, from which claim 27 depends. Id. In response, 



10 Cf. Digital Equipment Com, v. Diamond. 653 F.2d 701, 724. 210 USPQ 521. 546 (CA 1981). 
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appellant asserts (Brief, bridging paragraph, pages 8-9), claims 16 and 27 simply 
add a further limitation to the claims from which they depend. We agree. 

For example, claim 16 reads on a com plant capable of expressing all the 
physiological and morphological characteristics of the com variety 1015036, 
further comprising a nuclear or cytoplasmic gene conferring male sterility. In our 
opinion, the claims reasonably apprise those of skill in the art of their scope. 
Amgen . As set forth in Shatterproof Glass Corp. v. Libbev-Owens Ford Co. , 758 
F.2d 613, 624, 225 USPQ 634, 641 (Fed. Cir. 1985), "(i]f the claims, read in the 
light of the specifications, reasonably apprise those skilled in the art both of the 
utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more." 

Accordingly we reverse the rejection of claims 1 6 and 27-30 under 35 
U.S.C. § 112, second paragraph. 

Claim 28 

Claim 28 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of "the article 'a' in the recitation 'wherein the single 
locus was stably inserted into a corn genome."' According to the examiner 
(Answer, page 13), °[t]he recitation does not make clear if the genome is that of 
101 5036 or that of a different corn plant." 

According to appellant's specification (page 23, emphasis removed), a 

"Single Locus Converted (Conversion) Plant" refers to 

[pjlants which are developed by a plant breeding technique called 
backcrossing wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in 
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addition to the characteristics conferred by the single locus 
transferred into the inbred via the backcrossing technique/A single 
locus may comprise one gene, or in the case of transgenic plants, 
one or more transgenes integrated into the host genome at a single 
site (locus). 

Accordingly, we agree with appellant (Brief, page 10) K [t]he single locus 
referred to in claim 28 may or may not have been directly inserted into the 
genome of the claimed plant" As we understand the claim, and arguments of 
record, claim 28 presents two possibilities: (1) the single locus is directly inserted 
into the claimed plant and nothing further need be done; or (2) the single locus is 
directly inserted into a different plant, which is then used to transfer the single 
locus to the claimed plant through use of the plant breeding technique known as 
backcrossing. 

In our opinion, the claim reasonably apprises those of skill in the art of its 
scope. Amqen . Accordingly, we reverse the rejection of claim 28 under 35 
U.S.C. § 1 12, second paragraph. 

Claim 30 

Claim 30 stands rejected under 35 U.S.C. § 112, second paragraph as 
indefinite in the recitation of the phrases "yield enhancement," "improved 
nutritional quality," and "enhanced yield stability." According to the examiner the 
terms "yield enhancement," "improved nutritional quality," and "enhanced yield 
stability" are relative and have no definite meaning. Answer, page 14. The 
examiner is correct (Answer, page 14), when a word of degree is used 
appellant's specification must provide some standard for measuring that degree. 
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Seattle Box. Co. v. Industrial Crating & Packing. Inc. , 731 F.2d 818, 826, 221 
USPQ 568, 573-574 (Fed. Cir. 1984). 

On this record, appellant asserts (Brief, page 1 1 ), it is "understood the 
enhancement of yield or yield stability and improved nutritional quality is relative 
to a plant lacking the single locus. The metes and bounds of the claim are thus 
fully understood by one of skill in the art and the use of the terms is not 
indefinite." On reflection, we agree with appellant The fact that some claim 
language is not mathematically precise does not £>er se render the claim 
indefinite. Seattle Box . As set forth in Shatterproof Glass , "[i]f the claims, read in 
the light of the specifications, reasonably apprise those skilled in the art both of 
the utilization and scope of the invention, and if the language is as precise as the 
subject matter permits, the courts can demand no more.' In our opinion, a 
person of ordinary skill in the art would have understood the enhancement of 
yield or yield stability and improved nutritional quality is relative to a plant lacking 
the single locus. 

Accordingly we reverse the rejection of claim 30 under 35 U.S. C. § 1 1 2, 
second paragraph. 

Written Description : 

Claims 6,11, 24, 25 and 27-31 stand rejected under 35 U.S.C. § 1 12, first 
paragraph, as the specification fails to adequately describe the claimed 
invention. For the following reasons, we reverse. 
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Claims 24 and 25 " 

Claims 24 and 25 both depend from claim 23. On this record, the 
examiner has indicated that claim 23 is allowable. Answer, page 2. The 
examiner finds (Answer, page 16), claims 24 and 25 are drawn to a hybrid plant 
or seed "produced by crossing inbred corn plant 1015036 with any second, 
distinct inbred corn plant." 

As we understand it, based on this construction of claims 24 and 25, the 
examiner is of the opinion that since the hybrids inherit only Yt of their diploid" 
set of chromosomes from the plant of corn variety 101 5036, a person of skill in 
the art would not have viewed the teachings of the specification as sufficient to 
demonstrate that appellant was in possession of the genus of hybrid seeds and 
plants encompassed by claims 24 and 25. According to the examiner (Answer, 
page 22), "[t]he fact that any hybrid plant will inherit half of its alleles from 
1015036 then does not provide sufficient description of the morphological and 
physiological characteristics expressed by the claimed hybrid plants." 

There is no doubt that the expressed gene products of a hybrid plant, e.g., 
the morphological and physiological traits, of 1015036 and a non-1015036 corn 
plant will depend on the combination of the genetic material inherited from both 
parents. See Answer, page 23. Nevertheless, we disagree with the examiner's 



" We recognize, as does the examiner (Answer, page 22) that appellant's reference to claims 22- 
26 (Brief, page 13) was intended to be a reference to claims 24 and 25. 

« According to appellant's specification (page 21 ), diploid means "a cell or organism having two 
sets of chromosomes." 
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conclusion (id.) that "[t]he fact that any hybrid plant will inherit half of its alleles 
from 1015036 then does not provide sufficient description of the morphological 
and physiological characteristics expressed by the claimed hybrid plants." 

On these facts, we find it necessary to take a step back and consider what 
is claimed. The claims are drawn to a F, hybrid seed (claim 24) or plant (claim 
25) resulting from a cross between a plant of corn variety 101 5036 and a non- 
1015036 corn variety. The claims do not require the hybrid to express any 
particular morphological or physiological characteristic. Nor do the claims 
require that a particular non-1015036 com variety be used." All that is required 
by the claims is that the hybrid has one parent that is a plant of corn variety 
1015036. Since the examiner has indicated that the seed and the plant of the 
corn variety 1015036 are allowable (see claims 1 and 5), there can be no doubt 
that the specification provides an adequate written description of this corn 
variety. In addition, the examiner appears to recognize (Answer, page 25) that 
appellant's specification describes an exemplary hybrid wherein one parent was 
a plant of the com variety 101 5036, see e^g.. specification, pages 53-59. 
Accordingly, it is unclear to this merits panel what additional description is 
necessary. 

As set forth in Reiffin v. Microsoft Corp. . 214 F.3d 1342, 1345, 54 
USPQ2d 1915, 1917 (Fed. Cir. 2000), the purpose of the written description 



11 According to appellant (Brief, page 15), "hundreds or even thousands of different inbred corn 
lines were well known to those of skill in the art prior to the filing (date) of the instant application, 
each of which could be crossed to make a hybrid plant with in the scope of the claims." 
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requirement is to "ensure that the scope of the right to exclude, as set forth in the 
claims does not overreach the scope of the inventor's contribution to the field of 
art as described in the patent specification." Here the hybrid seed or plant has 
one parent that is a plant of the com variety 101 5036. To that end, to satisfy the 
written description requirement, the inventor "must convey with reasonable clarity 
to those skilled in the art that, as of the filing date sought , he or she was in 
possession of the invention" [emphasis added]. Vas-Cath Inc. v. Mahurkar . 935 
F.2d 1555, 1563-64, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991). For the foregoing 
reasons it is our opinion that appellant has provided an adequate written 
description of the subject matter set forth in claims 24 and 25. 

We recognize the examiner's argument relating to SSR and isozyme 
markers (Answer, pages 25-29), as well as the examiner's arguments 
concerning a correlation between the hybrid's genome structure and the function 
of the hybrid plant (Answer, pages 23-25). However, for the foregoing reasons, 
we are not persuaded by these arguments. 

Claims 6 and 1 1 

Claims 6 and 11 depend ultimately upon claim 5. On this record, the 
examiner has indicated that claim 5 is allowable. Answer, page 2. 

According to the examiner (Answer, page 8), while the specification 
provides the locus names and allele numbers of the SSR markers, the 
specification does not provide the actual nucleotide sequences that make up the 
markers. According to the examiner (Answer, page 18), "names of loci alone do 
not describe the structures of the markers themselves. Without a description of 
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the sequences of the markers, one cannot confirm their presence/ In response, 
appellant points out (Brief, page 26), "the SSR markers were from Celera 
AgGen, Inc., which provides a commercial service for genotyping of maize 
varieties." In other words, a person of ordinary skill in the art could use the 
commercially available service provided by Celera AgGen, Inc. to determine 
whether a corn plant produced by growing a seed of the corn variety 1015036 
has an SSR profile which is the same as that shown in Table 6. Therefore, it is 
unclear to this panel why the examiner believes that such a disclosure fails to 
provide adequate written descriptive support for the claimed invention. 14 
Accordingly, we are not persuaded by the examiner's argument. 

Regarding the isozyme typing profile, the examiner finds (Answer, page 
18), T able 7 provides names of loci where isozyme markers reside, for three 
different corn plants, and a numerical value that represents the numbers of 
alleles at isozyme loci types. The nucleotide sequences that make up these loci 
are not described." In response, appellant points out (Brief, page 26), the 
isozyme "markers are well known and isozyme analysis in general [is] very well 
known having been used for decades." In this regard, we remind the examiner 
that the inquiry into whether the description requirement is met must be 
determined on a case-by-case basis and is a question of fact. In re Wertheim , 
541 F.2d 257, 262, 191 USPQ 90, 96 (CCPA 1976). A description as filed is 

M We are not persuaded by the examiner's assertion (Answer, page 28) "that the (commercially 
available] service used to detect SSR markers is currently available is not a guarantee that it will 
remain so for the life of a patent issuing from the application." Cf. In re Metcalfe, 410 F.2d 1378, 
1382, 161 USPQ 789, 792-3 (CCPA 1969). 
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presumed to be adequate; unless or until sufficient evidence or reasoning to the 
contrary has been presented by the examiner to rebut the presumption. See 
e^, In re Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971). 
The examiner, therefore, must have a reasonable basis to challenge the 
adequacy of the written description. Accordingly, it is the examiner who has the 
initial burden of establishing by a preponderance of evidence that a person 
skilled in the art would not recognize in an applicant's disclosure a description of 
the invention defined by the claims. Wertheim . 541 F.2d at 263, 191 USPQ at 
97. On this record, the examiner provides no evidence to support the assertion 
that simply because appellant has not provided the sequences that make up the 
loci for particular isozymes, appellant's specification does not adequately 
describe the claimed invention. Accordingly, we are not persuaded by the 
examiner's argument. 

The examiner finds (Answer, page 37), claims 6 and 1 1 require that the 
claimed plant or plant cell exhibit either the claimed SSR profile or the isozyme 
profile. According to the examiner (idL), "[t]he genome of the cells of the 101 5036 
seed deposited with the ATCC has both the SSR profile and the isozyme typing 
profile shown in Tables 5 and 6 for that plant. No plant is mentioned in the 
specification that has one genetic marker profile but not the other." The 
examiner's concern appears to be misplaced. To the extent that the examiner is 
concerned that the claim is open to read on a plant other than a corn plant 
produced by growing a seed of the com variety 1015036, we remind the 
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examiner that both claims 6 and 1 1 ultimately depend from claim 5 ,s , which is 
drawn to "[a] corn plant produced by growing a seed of the corn variety 
1015036...." 

It appears that the examiner may have read claims 6 and 1 1 as drawn to 
a corn plant or plant cell having only one of the recited profiles. However, as we 
understand claims 6 and 11, determining whether the claimed corn plant (claim 
6) or plant cell (claim 1 1 ) has one of the profiles does not mean that the plant, or 
plant cell would not also exhibit the other profile. 

In addition, we direct the examiner's attention to claims 6 and 1 1 of 
Appeal No. 2005-0396. As we understand it, notwithstanding differences in the 
SSR and isozyme profiles, the disclosure in the specification as well as the 
language of the claims is substantially similar to that of the instant application. 
Nevertheless, the examiner in Appeal No. 2005-0396 apparently found that 
appellant's specification provided an adequate written description of the claimed 
invention as no rejection of claims 6 and 1 1 was made under the written 
description provision of 35 U.S.C. § 1 12, first paragraph in Appeal No. 2005- 
0396. Accordingly, we find that the examiner has treated claims 6 and 1 1 in a 
manner that is inconsistent with the prosecution of similar claims in related 
application 10/077,589, which is the subject matter of Appeal No. 2005-0396. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 



" The examiner has indicated that claim 5 is allowable. Answer, page 2. 
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Claims 27-30 

According to the examiner (Answer, page 18), "(cjlaims 27-30 are drawn 
towards 1015036 plants further comprising a single locus conversion, or wherein 
the single locus was stably inserted into a corn genome by transformation." The 
examiner finds, however, that "the specification does not describe identified or 
isolated single loci for all com plant traits." Answer, page 19. More specifically, 
the examiner finds (jd.), claims 27-30 "broadly encompass single loci that have 
not been discovered or isolated." To the extent that the examiner is asserting 
that appellant has not provided an enabling disclosure of single loci that have not 
been identified, we note that to satisfy the written description requirement, the 
inventor "must convey with reasonable clarity to those skilled in the art that, as of 
the filing date sought , he or she was in possession of the invention" [emphasis 
added]. Vas-Cath . 

Nevertheless, it may be that the examiner's concern (Answer, page 31 ), is 
that "single loci that alone govern 'yield enhancement' or 'enhanced yield 
stability' have not been discovered." In this regard, the examiner asserts 
(Answer, page 32), "the references cited in the specification do not describe 
isolated single genes or loci that confer yield enhancement or yield stability." 
Therefore, the examiner concludes (id.), "[ajppellant cannot be in possession of 
plants further comprising single loci that have yet to be identified." The 
examiner, however, provides no evidence to support the assertion that a person 
of ordinary skill in the art would not recognize that single loci for yield 
enhancement or yield stability are known in the art. In this regard, we note that 
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appellant discloses (specification, page 31), "[m]any single locus traits have been 
identified ... examples of these traits include, but are not limited to, ... enhanced 
nutritional quality, industrial usage, yield stability, and yield enhancement." It 
appears that the examiner has overlooked appellant's assertion that single locus 
traits for yield stability and yield enhancement are well known in the art. To this 
end, we direct the examiner's attention to, for example, United States Patent No. 
5,936,145 ('145)' 6 . issued August 10, 1999, which is prior to the filing date of the 
instant application. For clarity, we reproduce claims 8, 29 and 39 of the '145 
patent below: 

8. A corn plant having all the physiological and morphological 

characteristics of com plant 87DIA4, a sample of the seed of said corn 
plant having been deposited under ATCC Accession No. 203192. 

29. The corn plant of claim 8, further comprising a single gene conversion. 

39. The single gene conversion of the corn plant of claim 29, where the 
gene confers enhanced yield stability. 

As we understand it, claim 39 of the '145 patent, is drawn to a corn plant which 

comprises a single gene conversion, wherein the gene confers enhanced yield 

stability. Thus, contrary to the examiner's assertion it appears, for example, that 

a single gene that confers enhanced yield stability was known in the art prior to 

the filing date of the instant application. We remind the examiner "a patent need 

not teach, and preferably omits, what is well known in the art." Hvbritech 



" We note that the assignee of the '145 patent is DeKalb Genetics Corporation. The assignee of 
the present application is Monsanto Company, the parent of wholly-owned subsidiary DeKalb 
Genetics Corporation. 
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Incorporated v. Monoclonal Antibodies. Inc. 802 F.2d 1 367, 1 385, 231 USPQ 81 , 
94 (Fed. Cir. 1986). 

We remind the examiner that the inquiry into whether the description 
requirement is met must be determined on a case-by-case basis and is a 
question of fact. Wertheim . 541 F.2d at 262, 191 USPQ at 96. A description as 
filed is presumed to be adequate; unless or until sufficient evidence or reasoning 
to the contrary has been presented by the examiner to rebut the presumption. 
See e.g. . Marzocchi . The examiner, therefore, must have a reasonable basis to 
challenge the adequacy of the written description. Accordingly, it is the examiner 
who has the initial burden of establishing by a preponderance of evidence that a 
person skilled in the art would not recognize in an applicant's disclosure a 
description of the invention defined by the claims. Wertheim . 541 F.2d at 263, 
191 USPQ at 97. On this record, the examiner provides no evidence to support 
the assertion that single loci that govern, for example, yield enhancement or 
enhanced yield stability are not described. 

For the foregoing reasons, we are not persuaded by the examiner's 
arguments. 

Claim 31 

Claim 31 is drawn to a method of producing an inbred com plant derived 
from the corn variety 1015036. The claimed method begins by crossing a plant of 
the corn variety 1015036 with any other corn plant. The method requires that the 
progeny corn plant be crossed either to itself, or with any other corn plant, and 
that the progeny of this cross be further crossed to itself, or with another com 
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plant, and so on throughout several generations. As we understand it, claim 31 , 
in its simplest form, is directed to a method of using a plant of the com variety 
1015036 to produce an inbred corn plant. 

Nevertheless, the examiner finds (Answer, page 20), °[a] review of the 
claim indicates that hybrid progeny of corn plant 1015036 are required to perform 
further crosses, and that progeny of subsequent generations can be further 
outcrossed with different corn plants." Therefore, the examiner concludes (id), 
u [t]he hybrid progeny of corn plant 1015036, and progeny plants of subsequent 
generations, are essential to operate the claimed method." As we understand 
the examiner's argument, not only does appellant have to provide a written 
description of the starting com plant (1015036). but appellant also must look into 
the future to determine every other potential com plant that someone may wish 
to cross with the 1015036 corn variety, and provide written descriptive support for 
not only every other corn plant that could be crossed with 101 5036, but also the 
resulting progeny of each cross. 

As set forth in Reiffin . the purpose of the written description requirement is 
to "ensure that the scope of the right to exclude, as set forth in the claims does 
not overreach the scope of the inventor's contribution to the field of art as 
described in the patent specification." Here the method of producing an inbred 
com plant requires a plant of the corn variety 1015036 be used as the starting 
material. To that end, to satisfy the written description requirement, the inventor 
"must convey with reasonable clarity to those skilled in the art that, as of the filing 
date sought , he or she was in possession of the invention" [emphasis added]. 
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Vas-Cath , The examiner has indicated that a claim to a plant of the corn variety 
1015036 is allowable, see e& t appellant's claim 5. Therefore, in our opinion, 
there can be no doubt that appellant was in possession of a plant of the corn 
variety 1015036, in addition to a method of using that plant to cross with any 
other corn plant to produce an inbred corn plant as set forth in appellant's claim 
31. 

In our opinion, it matters not what the other corn plants are, or what the 
progeny of a cross between com variety 1015036 and some other corn plant 
represents. As the examiner explains (Answer, bridging paragraph, pages 20- 
21), patentability of the method of claim 31 "does not lie in the method steps, 
which require the simple acts of crossing corn plants, allowing progeny seed to 
be produced, and growing progeny plants from the seed...." In our opinion, 
patentability of the method of claim 31 does not lie in the various other or second 
corn plants either. In our opinion, patentiblity of the method of claim 31 lies in 
the use of the corn variety 101 5036. Accordingly, for the foregoing reasons, it is 
our opinion that appellant has u convey[ed] with reasonable clarity to those skilled 
in the art that, as of the filing date sought, [they were] in possession of the 
invention," Vas-Cath (emphasis omitted). 

Summary 

For the foregoing reasons, we reverse the rejection of claims 6,11, 24, 25 
and 27-31 under the written description provision of 35 U.S.C. § 1 12, first 
paragraph. 
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Enablement : 

Claims 27-30 stand rejected under the enablement provision of 35 U.S.C. 
§ 1 12, first paragraph. The examiner finds (Answer, page 39), claims 27-30 "are 
broadly drawn towards inbred corn plant 1015036 further defined as having a 
genome comprising any single locus conversion, encoding any trait; or wherein 
the single locus was stably inserted into a corn genome by transformation." The 
examiner presents several lines of argument under this heading. We take each 
in turn. 

I. Retaining all the morphological and physiological traits of 1015036 : 

According to the examiner (Answer, page 38, emphasis added), "the 
specification does not teach any 1015036 plants comprising a single locus 
conversion produced by backcrossing, wherein the resultant plant retains all of 
its morphological and physiological traits in addition to exhibiting the single trait 
conferred by the introduced single locus." With reference to Hunsperger, Kraft, 
and Eshed the examiner asserts (Answer, page 41), u [t]he rejection raises the 
issue of how linkage drag hampers the insertion of single genes alone into a 
plant by backcrossing, while recovering all of the original plant's genome." 

We note, however, that claims 27-30 do not require that the single locus 
conversion plant retain all of the morphological and physiological traits of the 
parent plant in addition to exhibiting the single trait conferred by the introduction 
of the single loci. Nor do claims 27-30 require that the resultant plant retain all of 
the original plant's genome in addition to the single locus transferred into the 
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inbred via the backcrossing technique. As appellant explains (specification, 

bridging paragraph, pages 29-30, emphasis added), 

[t]he term single locus converted plant as used herein refers to 
those corn plants which are developed by a plant breeding 
technique called backcrossing wherein essentially all of the desired 
morphological and physiological characteristics of an inbred are 
recovered in addition to the single locus transferred into the inbred 
via the backcrossing technique. 

See also appellant's definition of single locus converted (conversion) plant at 

page 23 of the specification. We find nothing in the appellant's specification to 

indicate that the single locus converted plant retains aj of the morphological and 

physiological traits, or ajl of the genome, of the parent plant in addition to the 

single locus transferred via the backcrossing technique. Accordingly, we 

disagree with the examiner's construction of claims 27-30 as "directed to exactly 

plant 1015036, further comprising the single locus," which appears to disregard 

appellant's definition of a single locus converted plant. See Answer, page 43, 

emphasis added. 

The examiner appears to appreciate (Answer, page 43) that appellant's 
specification provides an example of a converted plant. See e^g., specification, 
pages 35-36. However, for the foregoing reasons, we are not persuaded by the 
examiner's assertion (Answer, page 43) that the specification provides "no 
indication that aj of the morphological and physiological traits of [this converted] 
... corn plant were recovered, and that only one single locus was transferred 
from the donor plant." To the contrary, the examiner provides no evidence that 
the converted plant exemplified in appellant's specification did not retain 
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essentially all of the desired morphological and physiological characteristics of 

the inbred in addition to the characteristics conferred by the single locus 

transferred into the inbred via the backcrossing technique. 

Further, we recognize appellant's argument (Brief, page 27) that the 

examiner failed to establish a nexus between Hunsperger's discussion of 

petunias; Kraft's discussion of sugar beets; and Eshed's discussion of tomatoes, 

and the subject matter of the instant application - corn. Absent evidence to the 

contrary, we agree with appellant (jd.), the examiner's opinion 17 that the 

references concerning petunias, sugar beets and tomatoes apply to corn is 

unsupported on this record. That the examiner has failed to identify (Answer, 

page 41 ) an example "in the prior art of plants in which linkage drag does not 

occur, 0 does not mean that linkage drag is expected to occur in corn breeding, 

which according to appellant (Reply Brief, page 10) "is extremely advanced and 

well known in the art...," In this regard, we agree with appellant (Brief, page 28; 

Accord Reply Brief, page 1 1 ), the examiner has improperly placed the burden on 

appellant to demonstrate that the examiner's unsupported assertion is not true. 

We remind the examiner, as set forth in In re Wright , 999 F.2d 1557, 1561-62, 27 

USPQ2d 1510, 1513 (Fed. Cir. 1993): 

When rejecting a claim under the enablement requirement of 
section 112, the PTO bears an initial burden of setting forth a 
reasonable explanation as to why it believes that the scope of 
protection provided by that claim is not adequately enabled by the 
description of the invention provided in the specification of the 
application; this includes, of course, providing sufficient reasons for 

17 See Answer page 41 , wherein the examiner asserts "[IJinkage drag appears to be a 
phenomenon that occurs in all plant types." 
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doubting any assertions in the specification as to the scope of 
enablement. 

II. What plant is transformed in claim 28 ? 

We recognize the examiner's assertion (Answer, page 39) that while claim 
28 requires that a single locus be stably inserted into a corn genome by 
transformation, the claim does not indicate whether (1 ) the 101 5036 plant was 
transformed with the single locus, or (2) some other corn plant was transformed 
with the single locus and then introduced into 1015036 by crossing. However, as 
appellant points out (Brief, page 12), claim 28 "specifies that the single locus was 
stably inserted into a corn genome. Loci that are stably inserted into a corn 
genome are also stably inherited. Thus the single locus need not have been 
inserted into the genome of com variety 1015036." Accordingly, the 1015036 
plant may be transformed with the single locus, or another plant may be 
transformed with the single locus and then introduced into 1015036 by crossing. 

It may be that the examiner is concerned that by transforming a non- 
1015036 plant with a single locus and then introducing this locus into 1015036 by 
crossing would result in a plant that does not retain ajl of the morphological and 
physiological traits, or ajl of the genome, of the 101 5036 plant. For the foregoing 
reasons, however, this line of reasoning is not persuasive. 

III. The single locus to be introduced : 

The examiner finds (Answer, page 40), "the claims do not place any limit 
on the single locus to be introduced" into 1015036 plants. The examiner 
recognizes, however, that "[t]he prior art shows that hundreds of nucleotide 
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sequences encoding products that confer various types of plant traits have been 
isolated at the time the instant invention was filed." Id, In addition, the examiner 
recognizes (id.), tt [o]ne skilled in the art can transform any of these isolated 
nucleotide sequences known in the prior art into a corn plant cell, and regenerate 
a transgenic plant from the transformed cell." 

Nevertheless, the examiner finds (id.), a [u]ndue experimentation would be 
required by one skilled in the art to isolate single loci that govern the traits 
encompassed by the claims." In this regard, the examiner asserts (Answer, 
page 44) that the claims broadly encompass corn plants comprising any type of 
single loci, including those that have not yet been identified or isolated. To the 
extent that the examiner is asserting that appellant has not provided an enabling 
disclosure of single loci that have not been identified, we note that enablement 
under 35 U.S.C. § 1 12, first paragraph is evaluated as of appellant's filing date. 
As set forth in Chiron Corp. v. Genentech Inc. , 363 F.3d 1247, 1254, 70 
USPQ2d 1321, 1325-26 (Fed. Cir. 2004), "a patent document cannot enable 
technology that arises after the date of application. The law does not expect an 
applicant to disclose knowledge invented or developed after the filing date. Such 
disclosure would be impossible. See In re Hogan . 559 F.2d 595, 605-06 [194 
USPQ 527] (CCPA 1977).* 

The examiner's comment, however, may be directed to his assertion 
(Answer, page 40) that "isolated loci whose products confer yield enhancement 
or enhanced yield stability (recited in claim 30), are not known in the prior art." 
However, as discussed, supra , it appears that contrary to the examiner's 
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assertion a single locus that confers the trait of, for example, yield enhancement 
was known in the art prior to the filing date of the instant invention. In addition, 
as discussed, supra , appellant's specification asserts that such traits were known 
in the art. See specification, page 31 . Accordingly, as set forth in In re 
Marzocchi , 439 F.2d 220, 224, 169 USPQ 367, 370 (CCPA 1971), the burden is 
on 

the Patent Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any statement in a 
supporting disclosure and to back up assertions of its own with 
acceptable evidence or reasoning which is inconsistent with the 
contested statement. Otherwise, there would be no need for the 
applicant to go to the trouble and expense of supporting his 
presumptively accurate disclosure. 

On this record, we find only the examiner's unsupported conclusions as to 
why the specification does not enable the claimed invention. We remind the 
examiner that nothing more than objective enablement is required, and therefore 
it is irrelevant whether this teaching is provided through broad terminology or 
illustrative examples. Marzocchi , 439 F.2d at 223, 169 USPQ at 369. In the 
absence of an evidentiary basis to support the rejection, the examiner has not 
sustained his initial burden of establishing a prima facie case of non-enablement. 
In this regard, we note that the burden of proof does not shift to appellant until 
the examiner first meets his burden. Marzocchi , 439 F.2d at 223-224, 169 
USPQ at 369-370. 

We also recognize the examiner's assertion (Answer, pages 40-41) that 
claims 27-29 "encompass plants with single loci whose functions are unknown," 
or where the effects of expression of the single locus on the traits expressed by 
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1015036 are unknown. While this may be true, the examiner has not provided 
any evidence to suggest that it would require undue experimentation to obtain a 
single locus converted plant wherein essentially all of the desired morphological 
and physiological characteristics of an inbred are recovered in addition to the 
characteristics conferred by the single locus transferred into the inbred via the 
backcrossing technique. See specification, page 23. 

While it is not expressly stated in the text of the examiner's rejection, it 
may be that the examiner is concerned that the claims include inoperative 
embodiments. If so, the examiner is directed to Atlas Powder Co. v. E.I. DuPont 
De Nemours & Co. , 750 F.2d 1569, 1576-77, 224 USPQ 409, 414 (Fed. Cir. 
1984): 

Even if some of the claimed combinations were inoperative, the 
claims are not necessarily invalid. "It is not a function of the claims 
to specifically exclude ... possible inoperative substances...." In re 
Dinh-Nauven , 492 F.2d 856, 859-59, 181 USPQ 46, 48 (CCPA 
1974)(emphasis omitted). Accord , In re Geerdes . 491 F.2d 1260, 
1265, 180 USPQ 789, 793 (CCPA 1974); In re Anderson , 471 F.2d 
1237, 1242, 176 USPQ 331, 334-35 (CCPA 1971). Of course, if 
the number of inoperative combinations becomes significant, and in 
effect forces one of ordinary skill in the art to experiment unduly in 
order to practice the claimed invention, the claims might indeed be 
invalid. See e^, In re Cook , 439 F.2d 730, 735, 169 USPQ 298, 
302 (CCPA 1971). 

On this record, the examiner provides no evidence that the number of 
inoperative embodiments is so large that a person of ordinary skill in the art 
would have to experiment unduly to practice the claimed invention. To the 
contrary, the examiner recognizes (Answer, page 40) that M [t]he prior art shows 
that hundreds of nucleotide sequences encoding products that confer various 
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types of plant traits have been isolated at the time the instant invention was 

filed"; and that "[o]ne skilled in the art can transform any of these isolated 

nucleotide sequences known in the prior art into a corn plant cell, and regenerate 

a transgenic plant from the transformed cell." Accordingly, we are not persuaded 

by the examiner's unsupported assertions. 

For the foregoing reasons, we reverse the rejection of claims 27-30 under 

the enablement provision of 35 U.S.C. § 1 12, first paragraph. 



We reverse the rejection of claims 3. 6, 1 1, 14-20, and 27-30 under 35 
U.S.C. § 1 1 2, second paragraph. 

We reverse the rejection of claims 6, 11, 24, 25 and 27-31 under the 
written description provision of 35 U.S.C. § 112, first paragraph. 

We reverse the rejection of claims 27-30 under the enablement provision 
of 35 U.S.C. § 112, first paragraph. 



SUMMARY 



REVERSED 




Toni R. Scheiner 
Administrative Patent Judge 
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I. KF.AT. PARTIES IN INTEREST 
The real party in interest is Monsanto Company, the parent of wholly-owned subsidiary 
DeKalb Genetics Corporation, the assignee of this application. 

H. RELATED APPEALS AND INTERFERENCES 
Appeals were filed in U.S. Patent Application Ser. No. 09/606,808; U.S. Patent 
Application Ser. No. 09/772,520; U.S. Patent Application Ser. No. 09/788,334; U.S. Patent 
Application Ser. No. 10/077,589; and U.S. Patent Application Ser. No. 10/077,591. The cases 
are not related to the current case but share the same Real Parties in Interest, are also directed to 
inbred com plants, and present many of the same issues on appeal as this case and therefore may 
have a bearing on the Board's decision in the pending appeal. 

in. STATUS OF THE CLAIMS 
Claims 1-31 were filed with the application. Claims 4 and 26 were canceled in a 
Response to the Second Office mailed April 15, 2003. Claims 1-3, 5-25 and 27-31 were 
therefore pending at the time of the Third Office Action. 

Claims 1, 5, 7-10, 12, 13 and 21 were indicated as allowed in the Third Office Action and 
claims 2, 3, 6, 1 1, 14-20 and 22-31 were rejected. No amendments have been made subsequent 
to the Third Office Action. The Examiner's Answer indicated that claims 1, 2, 5, 7-10, 12, 13 
and 21-23 are now allowed. Therefore, claims 1-3, 5-25 and 27-31 are currently pending in the 
case. The rejections of pending claims 3, 6, 11, 14-20, 22-25 and 27-31 are the subject of this 
appeal. A copy of the appealed claims is attached as Appendix 1 and a copy of the pending 
claims is attached as Appendix 2. 
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IV. STATUS OF AMENDMENTS 
No amendments were made subsequent to the Third Office Action. 

V. SUMMARY OF THE INVENTION 
The invention relates to the novel inbred com plant designated 1015036 and seeds or 
populations of seed thereof. Specification at page 5, lines 5-22. The invention also relates to 
single locus converted plants of 1015036. Specification at page 6, lines 12-21. The invention 
further relates to methods for breeding 1015036 with other corn plants, and hybrid plants 
produced thereby. Specification from page 7, line 23 to page 9, line 16. 

VI. ISSUES ON APPEAL 

(1) Are claims 3, 6, 11, 14-18, 20 and 27-30 properly rejected under 35 U.S.C. §112, 
second paragraph, as being indefinite for failing to particularly point out the subject matter which 
applicants regard as the invention? 

(2) Are claims 6, 1 1, 24, 25 and 27-3 1 properly rejected under 35 U.S.C. §112, first 
paragraph, as containing subject matter which was not described in the specification in such a 
way as to convey that the applicants were in possession of the claimed invention? 

(3) Are claims 27-30 properly rejected under 35 U.S.C. §112, first paragraph, as lacking 
enablement? 

VII. GROUPING OF THE CLAIMS 
Claim 3 is directed to an essentially homogeneous population of seed of com variety 
1015036, while claim 14 is directed to an essentially homogeneous population of corn plants 
produced by growing the seed of com variety 1015036. The analysis of issues on appeal for 
these claims turns on the meaning of "essentially homogeneous," and thus the claims stand or 
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fall together but separately from the remaining claims, which are directed to distinct subject 
matter with different issues on appeal. Claims 6 and 11 are directed to plants or plant parts 
having a specified marker profile. The appeal of the rejection of these claims turns on whether 
the marker profiles are described and enabled. None of the other claims present this issue and 
thus claims 6 and 1 1 stand or fall together but separately from the other claims. The appeal of 
the rejection of claims 15, 17 and 20 turns on the definiteness of the term "capable of 
expressing" and thus these claims present distinct issues on appeal. Claims 15, 17 and 20 
therefore stand or fall together bus separately from the remaining claims. Claims 16-19 are 
directed to a corn plant capable of expressing all the physiological and morphological 
characteristics of the corn variety 1015036 that further comprises a nuclear or cytoplasmic gene 
conferring male sterility. None of the other claims are directed to this subject matter and thus 
distinct issues are raised under 35 U.S.C. §112, first paragraph. Claims 16-19 therefore stand or 
fall together but separately from the remaining claims. Independent claims 22-23 are directed to 
a process of producing corn seed comprising crossing first and second corn plants, whereas 
claims 24-25 and 27-30 are directed to hybrid plants or seed produced by certain embodiments of 
this process. Process and product claims present different issues for the analysis of written 
description under 35 U.S.C. §1 12. Claims 22-23 thus stand or fall together but separately from 
the remaining claims. Claims 24-25 and 27-30 also stand or fall together but separately from the 
remaining claims. Another appealed independent process claim is present in the case in addition 
to claims 22-23, claim 31, but claim 31 comprises a distinct series of steps from these claims and 
thus presents different written description issues on appeal. Claim 31 therefore stands or falls 
alone. 
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VIII. SUMMARY OF THE ARGUMENT 
The indefiniteness rejections fail because the metes and bounds of the claims are fully 
definite. The Examiner has failed to apply the proper standard under the second paragraph of 
§112. The indefiniteness rejections are each improper because the allegedly indefinite terms 
have a well known meaning such that one of skill in the art would understand the full metes and 
bounds of the claims. 

The written description rejections fail because the claimed subject matter has been 
adequately described. Each of the claimed hybrid plants and seeds having inbred corn plant 
1015036 as one parent have as half of their genome the same genetic contribution from 1015036, 
given that corn plant 1015036 is inbred. This structural characteristic is readily detectable and 
thus defines the claimed plants. These plants can be produced using any second plant, thus 
written description with regard to the second parent is satisfied based on the countless com 
varieties known to those of skill in the art. Methods of crossing the claimed com variety have 
been folly described in the recited steps, and such corn breeding steps were well known in the 
art. Single locus conversions of 1015036 were also fully described, in that well more than a 
representative collection of single locus conversion traits are described in the specification and 
were well known to those of skill in the art. The single locus conversion traits themselves are 
further not being claimed, rather it is corn plant 1015036 comprising any given single locus 
conversion that is claimed. 

The enablement rejections fail because Appellants working examples and descriptions in 
the specification folly enable the claimed subject matter. The Examiner has improperly 
disregarded this evidence and failed to support the rejections in contradiction of the standards of 
the APA. 



25444273.1 



IX. REPLY 

The Examiner's Answer contains a substantial reiteration of the arguments previously 
presented and briefed. Appellants have responded only where further clarification is necessary 
in view of the Examiner's Answer. 

A. The Indefiniteness Rejections Are Premised on a Misapplicati on of the Standard 
Under 35 U.S.C 8112, Second Paragraph 

The Examiner has failed to apply the correct legal standard for an indefiniteness 
rejection. The Examiner's Answer throughout indicates that the claims have not been given a 
reasonable reading, in context, as one of skill in the art would view them when in possession of 
the specification. The Examiner appears to require absolute certainty of claim terms when read 
in isolation and by those unversed in the relevant art. This is not the correct standard. Viewed 
properly, the claim terms are fully definite. 

The Federal Circuit has repeatedly made clear that absolute certainty in a claim is not 
required. The test for definiteness under 35 U.S.C. 112, second paragraph, is whether "those 
skilled in the art would understand what is claimed when the claim is read in light of the 
specification." Orthokinetics, Inc. v. Safety Travel Chairs, Inc., 806 F.2d 1565, 1576, 1 USPQ2d 
1081, 1088 (Fed. Cir. 1986). The Examiner must consider the claim as a whole to determine 
whether the claim apprises one of ordinary skill in the art of its scope. See, e.g. t Solomon v. 
Kimberly-Clark Corp., 216 F.3d 1372, 1379, 55 USPQ2d 1279, 1283 (Fed. Cir. 2000). This has 
not been done. 

As explained in detail in the Appeal Brief, all of the claim terms have a well known 
meaning in the art when viewed in the context of the claims as a whole and with reference to the 
specification. Reversal of the rejections is thus respectfully requested. 
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B. The Written Description Rela tions Are Improper 
1. The Rejections Are Legally Incorrect 

Despite statements in the Examiner's Answer to the contrary, the written description 
rejections were made based on the legally incorrect position that an applicant must show both a 
structure and a function for the structure in order to satisfy written description even when the 
structure describes the claimed invention. For example, after asserting that he "never placed a 
requirement that written description be satisfied in one specific manner," the Examiner states on 
page 22 that written description is not provided for the claimed hybrids because this "does not 
provide any information concerning the morphological and physiological characteristics that will 
be expressed by the claimed hybrids." The Examiner therefore required that hybrid plants be 
described by function (e.g., morphological traits), despite the fact that Appellants have provided 
direct structural support for the claimed plants at the genome level. 

The correct legal standard does not require a structure and a function when the structure 
provided describes the claimed invention. Rather, an applicant must describe the claimed subject 
matter by "whatever characteristics sufficiently distinguish it." Amgen v. Chugai 
Pharmaceutical, 927 F.2d 1200, 1206 (Fed. Cir. 1991). Here, what distinguishes the claimed 
plants is the shared genetic complement of parent plant 1015036. Specifically, the claimed plants 
comprises as half of their genome one copy of the genome of corn plant 1015036. The second 
haploid genome is from an^ different second corn plant. This constitutes a description of 
concrete, distinguishable structural characteristics shared by all of the hybrid plants. This fully 
satisfies written description because what second parent contributes the other half of the genome 
is irrelevant to the production of a hybrid plant. The second plant cannot be said to be lacking 
description, because no particular plant is required and com plants generally are known. It is 
black-letter law that written description must be viewed from the perspective of one of skill in 
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the art at the time the application is filed. Wang Labs., Inc. v. Toshiba Corp., 993 R2d 858, 863 
(Fed. Cir. 1993). This has not been done by the Examiner. 

The Answer attempts to downplay the structural description provided for what is claimed 
by arguing ad absurdum that "[according to Appellant's argument, any descendant, a 100 th 
generation for example, of 1015036 would be described, simply because some portion of the 
descendant's genome would have been present in the seed of corn variety 1015036, and because 
seed of variety 1015036 has been deposited." This is a misstatement. A 100 th generation 
descendant is not what Appellants have claimed, which is all that is relevant to written 
description. Rather, a first generation progeny derived from inbred corn plant 1015036 is 
claimed, which plant necessarily comprises as half of its genome a haploid copy of the genome 
of com plant 1015036 coupled with a haploid genome from any different second corn plant. 

The complete structure of the claimed plants is therefore fully provided. First, the entire 
genetic complement of corn variety 1015036 was described by biological deposit pursuant to the 
Enzo holding. Second, the identity of the second plant is irrelevant to whether a hybrid is 
produced. Third, thousands of com plants that could serve as a second parent are well known to 
those of skill in the art, including several hundred having issued U.S. patents and biological 
deposits with the ATCC. Based on the seed deposits, those of skill in the art would immediately 
envision at least hundreds of hybrid plants down to the level of the DNA sequence of the plant 
genome. Given this detail of description the morphological traits are completely superfluous. 

The fact that this description is made at the genetic level rather than by morphological 
traits in no way negatives written description. Written description is satisfied by describing 
structure characteristics allowing those of skill in the art to immediately "visualize or recognize 
the identity of the members of the genus. The Regents of The University of California v. Eli Lilly 
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and Co., 1 19 F.3d 1559, 1568; 43 USPQ2d 1398, 1406 (Fed. Cir. 1997). Appellants have done 
precisely this by disclosing the genome of com plant 1015036 that is included in each of the 
claimed hybrid plants. 

2. The rejection of claim 31 has not been adequately supported 
The Examiner's Answer cites the "Revised Interim Guidelines for Examination of Patent 
Applications Under the 35 U.S.C. Sec. 112, ^Written Description' Requirement; Request for 
Comments, 64 Fed. Reg. 71427, 71428 (1999), comment no. 4 as support for the rejection of 
claim 31. This comment states the following: 

(4) Comment: Six comments were in favor of including process and product-by- 
process claims in the analysis, whereas one comment was opposed. One comment 
criticized the Guidelines for failing to acknowledge the "safe harbor" product-by- 
process type claim noted in Fiers v. Revel, 984 F,2d 1 164, 25 USPQ2d 1601 (Fed. 
Cir. 1993), and Amgen Inc. v. Chugai Pharmaceutical Co., 927 F.2d 1200, 18 
USPQ2d 1016 (Fed. Cir. 1991). One comment observed that process and product- 
by- process claims tend not to implicate many written description issues, and it 
may be useful to point out possible enablement deficiencies for such claims. Two 
comments suggested that the Guidelines should distinguish between claims to 
processes whose patentability depends on the compositions used in them, as 
opposed to those where patentability rests in the steps of the process itself. 
Response: The suggestion to address process and product-by-process claims has 
been adopted. Furthermore, the training materials will analyze claims wherein the 
patentability depends on the compositions used therein, as well as those where the 
patentability rests in the process steps themselves. Enablement issues raised by 
process and product-by-process claims are outside the scope of these Revised 
Interim Guidelines. 

The comment was cited previously during prosecution as indicating that written 
description of a process claim requires a structural description of each intermediate product as if 
claimed in a product claim, e.g., that process and composition claims are analyzed in the same 
way under the Guidelines. However, the Answer appears to state the opposite by acknowledging 
that the comment contemplates different treatment of product and process claims. Appellants 
respectfully submit that this contradicts the position taken by the Examiner. If product and 
process claims are treated differently there is no basis to allege that written description of a 
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process claims requires a description of products created in intermediate and penultimate steps as 
if claimed in a product claim. Therefore, as the only authority cited for the rejection supports 
Appellants position, it is respectfully submitted that the rejection is not supported by substantial 
evidence as required by the APA. See In re Gartside, 203 F.3d 1305, 1314-15 (Fed. Cir. 2000). 

The Answer further acknowledges that the point of novelty must be taken into 
consideration when analyzing written description. While this may be true, the only composition 
upon which patentability rests and which is therefore relevant to the description of the claimed 
method is variety 1015036. The Examiner does not contest that this variety has been fully 
described. What other products are used are irrelevant. 

With regard to crossing corn plant 1015036 with any second parent plant, the Examiner 
has acknowledged the description of this subject matter by the allowance of claims 21-22. Claim 
22 in particular is directed to a process of producing Fl hybrid corn seed comprising crossing 
distinct inbred corn plants, one of which is a plant of the corn variety 1015036. After crossing 
corn plant 1015036 with a second parent plant, all of the remaining steps are routine breeding 
steps. The Examiner does not contest that com breeding was routine in the art. Such plant 
breeding steps were also fully described in the specification. Given that the steps are routine 
breeding methods well known in the art and fully described in the specification, and the only 
composition upon which patentability depends has been acknowledged on the record to be 
described, it is submitted that description cannot reasonably be claimed to be lacking. Wang 
Labs., Inc. v. Toshiba Corp., 993 F.2d 858, 863 (Fed. Cir. 1993) (Stating that written description 
must be reviewed from the perspective of one of skill in the art at the time the application is 
filed.). 
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In conclusion, all steps of the claimed process have been recited, all starting materials 
have been fully described, and methods of producing new corn varieties were well known to 
those of skill in the art. Claim 31 has therefore been fully described in compliance with 35 
U.S.C. §1 12, first paragraph. Reversal of the rejection is thus respectfully requested. 

C Rejection of Claims Under 35 U.S.C $112, First Paragraph - Enablement 

The Examiner continues to assert the enablement rejection based on the contention that: 
(1) several references from species other than corn indicate difficulty in preparing single locus 
conversions, and (2) all single locus traits were not known and/or the corresponding phenotypic 
traits were not shown. 

With regard to the first point, Appellants note that none of the references have been 
shown to have any relevance to corn plants. Hunsperger deals with petunias; Kraft with sugar 
beets and Eshed with Tomatoes. The relevance of the references to the claimed invention has 
therefore not been established as is specifically required to establish a prima facie case of non- 
enablement. Appellants pointed this out in the Appeal Brief, but the Answer simply disagrees 
without providing a scientific basis for doing so. 

Appellants submit that the position taken is incorrect because corn breeding is extremely 
advanced .and well known in the art as evidenced by the descriptions in the specification and 
references cited therein. This is due in large part to the fact that corn is one of the world's major 
food crops and largest seed crops. As explained in the specification, North American farmers 
alone plant tens of millions of acres of corn at the present time and there are extensive national 
and international commercial corn breeding programs. The market for corn seed in the U.S. 
alone is in excess of $2 billion (e.g., http://www.biotech-info.net/Distribution_benefits.pdf). No 
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basis has been shown to conclude that the same is true of the other plants and it is respectfully 
submitted that this is not true. The cited references therefore have not been shown to have any 
relevance to the claims. 

The Examiner has not provided any basis other than opinion to suggest why the genetics 
of any of petunias, sugar beets or tomatoes are relevant to corn. Each of these plants are widely 
genetically diverged from maize - they are each classified as dicotyledonous plants whereas 
maize is a monocotyledonous plant. This distinction was noted by the Federal Circuit in Plant 
Genetic Systems v. DeKalb Genetics Corp., in which a finding on non-enablement was affirmed 
because the claims read on both monocotyledonous and dicotyledonous plants, but were only 
enabled for dicotyledonous plants. 315 F.3d 1335 (Fed. Cir. 2003). 

It therefore appears that the Examiner has improperly placed the burden to show 
enablement on Appellants. The indication that the references concerning petunias, sugar beets 
and tomatoes apply to corn is made without support. At the same time, the Examiner attempts to 
require Appellants to show why this is not true. While Appellants have nonetheless done so, it is 
respectfully noted that it is the Office that bears the burden of supporting its. rejections. 
Appellants submit that this has not been done. 

With regard to the particular genes used, Applicants have already shown over two pages 
well more than a representative number of genes for creation of single locus conversions. 
Further, the Examiner has provided no basis to indicate why the particular single locus used is 
relevant to production of the conversion. Using the well known procedures described in detail in 
the specification essentially any conversion can routinely be made. Appellants therefore submit 
that the current rejection is unsupported in fact or law. Reversal of the rejection is therefore 
respectfully requested. 
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X. CONCLUSION 

It is respectfully submitted, in light of the above, none of the pending claims are properly 
rejected. Therefore, Appellants request that the Board reverse the pending grounds for rejection. 

Respa*fiillv submitted, 



FULBRIGHT & JAWORSKI L.L.P 
600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
(512)536-3085 




tobert E. Hanson 
Reg. No. 42,628 
Attorney for Appellants 



Date: August 16,2004 
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APPENDIX 1: CLAIMS ON APPEAL 

3. The population of seed of claim 2, further defined as an essentially homogeneous 
population of seed. 

6. The com plant of claim 5, having: 

(a) an SSR profile in accordance with the profile shown in Table 6; or 

(b) an isozyme typing profile in accordance with the profile shown in Table 7. 

11. The plant part of claim 1 0, wherein said cell is further defined as having : 

(a) an SSR profile in accordance with the profile shown in Table 6; or 

(b) an isozyme typing profile in accordance with the profile shown in Table 7. 

14. An essentially homogeneous population of com plants produced by growing the seed of 
the com variety 1015036,- wherein a sample of the seed of the com variety 1015036 was 
deposited under ATCC Accession No. PTA-3225. 

15. A corn plant capable of expressing all the physiological and morphological 
characteristics of the com variety 1015036, wherein a sample of the seed of the com variety 
1015036 was deposited under ATCC Accession No. PTA-3225. 

16. The com plant of claim 15, further comprising a nuclear or cytoplasmically-inherited 
gene conferring male sterility. 

17. A tissue culture of regenerable cells of a plant of corn variety 1015036, wherein the tissue 
is capable of regenerating plants capable of expressing all the physiological and morphological 
characteristics of the com variety 1015036, wherein a sample of the seed of the com variety 
1015036 was deposited under ATCC Accession No. PTA-3225. 

18. The tissue culture of claim 17, wherein the regenerable cells comprise cells derived from 
embryos, immature embryos, meristematic cells, immature tassels, microspores, pollen, leaves, 
anthers, roots, root tips, silk, flowers, kernels, ears, cobs, husks, or stalks. 
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1 9. The tissue culture of claim 1 8, wherein the regenerable cells are in the form of protoplasts 
or callus cells. 

20. A corn plant regenerated from the tissue culture of claim 17, wherein the corn plant is 
capable of expressing all of the physiological and moiphological characteristics of the corn 
variety designated 1015036, wherein a sample of the seed of the com variety 1015036 was 
deposited under ATCC Accession No. PTA-3225. 

22. The process of claim 21, further defined as a process of producing Fl hybrid corn seed, 
comprising crossing a first inbred com plant with a second, distinct inbred corn plant, wherein 
the first or second inbred com plant is a plant of the com variety 1015036, wherein a sample of 
the seed of the com variety 1015036 was deposited under ATCC Accession No. PTA-3225. 

23. The process of claim 22, wherein crossing comprises the steps of: 

(a) planting the seeds of first and second inbred com plants; 

(b) cultivating the seeds of said first and second inbred com plants into plants that 
bear flowers; 

(c) preventing self pollination of at least one of the first or second inbred com plant; 

(d) allowing cross-pollination to occur between the first and second inbred com 
plants; and 

(e) harvesting seeds on at least one of the first or second inbred com plants, said 
seeds resulting from said cross-pollination. 

24. Hybrid com seed produced by the process of claim 23. 

25. A hybrid com plant produced by growing a seed produced by the process of claim 23. 

27. The com plant of claim 5, further defined as having a genome comprising a single locus 
conversion. . 
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28. The corn plant of claim 27, wherein the single locus was stably inserted into a corn 
genome by transformation. 

29. The com plant of claim 27, wherein the locus is selected from the group consisting of a 
dominant allele and a recessive allele. 

30. The com plant of claim 27, wherein the locus confers a .trait selected from the group 
consisting of herbicide tolerance; insect resistance; resistance to bacterial, fungal, nematode or 
viral disease; yield enhancement; waxy starch; improved nutritional quality; enhanced yield 
stability; male sterility and restoration of male fertility. 

31. A method of producing an inbred com plant derived from the com variety 1015036, the 
method comprising the steps of: 

(a) preparing a progeny plant derived from com variety 1015036 by crossing a plant 
of the com variety 1015036 with a second com plant, wherein a sample of the 
seed of the com variety 1015036 was deposited under ATCC Accession No. PTA- 
3225; 

(b) crossing the progeny plant with itself or a second plant to produce a seed of a 
progeny plant of a subsequent generation; 

(c) growing a progeny plant of a subsequent generation from said seed and crossing 

the progeny plant of a subsequent generation with itself or a second plant; and 

(d) repeating steps (b) and (c) for an addition 3-10 generations to produce an inbred 
com plant derived from the com variety 1015036. 
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APPENDIX 2: PENDING CLAIMS 

1. A seed of the com variety 1015036, wherein a sample of the seed of the com variety 
1015036 was deposited under ATCC Accession No. PTA-3225. 

2. A population of seed of the com variety 1015036, wherein a sample of the seed of the 
com variety 1015036 was deposited under ATCC Accession No. PTA-3225. 

3. The population of seed of claim 2, further defined as an essentially homogeneous 
population of seed. 

5. A com plant produced by growing a seed of the com variety 1015036, wherein a sample 
of the seed of the com variety 101 5036 was deposited under ATCC Accession No. PTA-3225. 

6. The com plant of claim 5, having: 

(a) an SSR profile in accordance with the profile shown in Table 6; or 

(b) an isozyme typing profile in accordance with the profile shown in Table 7. 

7. A plant part of the com plant of claim 5. 

8. The plant part of claim 7, further defined as pollen. 

9. The plant part of claim 7, further defined as an ovule. 

1 0. The plant part of claim 7, further defined as a cell. 

1 1 . The plant part of claim 10, wherein said cell is further defined as having : 

(a) an SSR profile in accordance with the profile shown in Table 6; or 

(b) an isozyme typing profile in accordance with the profile shown in Table 7. 

1 2. A seed comprising the cell of claim 10. 
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13. A tissue culture comprising the cell of claim 1 0. 

14. An essentially homogeneous population of com plants produced by growing the seed of 
the corn variety 1015036, wherein a sample of the seed of the com variety 1015036 was 
deposited under ATCC Accession No. PTA-3225. 

15. A corn plant capable of expressing all the physiological and morphological 
characteristics of the corn variety 1015036, wherein a sample of the seed of the corn variety 
101 5036 was deposited under ATCC Accession No. PTA-3225. 

16. The corn plant of claim 15, further comprising a nuclear or cytoplasmically-inherited 
gene conferring male sterility. 

17. A tissue culture of regenerable cells of a plant of com variety 1015036, wherein the tissue 
is capable of regenerating plants capable of expressing all the physiological and morphological 
characteristics of the corn variety 1015036, wherein a sample of the seed of the corn variety 
1015036 was deposited under ATCC Accession No. PTA-3225. 

18. The tissue culture of claim 17, wherein the regenerable cells comprise cells derived from 
embryos, immature embryos, meristematic cells, immature tassels, microspores, pollen, leaves, 
anthers, roots, root tips, silk, flowers, kernels, ears, cobs, husks, or stalks. 

19. The tissue culture of claim 1 8, wherein the regenerable cells are in the form of protoplasts 
or callus cells. 

20. A corn plant regenerated from the tissue culture of claim 17, wherein the com plant is 
capable of expressing all of the physiological and morphological characteristics of the corn 
variety designated 1015036, wherein a sample of the seed of the corn variety 1015036 was 
deposited under ATCC Accession No. PTA-3225. 
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21. A process of producing corn seed, comprising crossing a first parent corn plant with a 
second parent com plant, wherein one or both of the first or the second parent corn plant is a 
plant of the corn variety 1015036, wherein a sample of the seed of the corn variety 1015036 was 
deposited under ATCC Accession No. PTA-3225, wherein seed is allowed to form. 

22. The process of claim 21, further defined as a process of producing Fl hybrid corn seed, 
comprising crossing a first inbred corn plant with a second, distinct inbred corn plant, wherein 
the first or second inbred com plant is a plant of the com variety 1015036, wherein a sample of 
the seed of the com variety 1015036 was deposited under ATCC Accession No. PTA-3225. 

23. The process of claim 22, wherein crossing comprises the steps of: 

(a) planting the seeds of first and second inbred com plants; 

(b) cultivating the seeds of said first and second inbred com plants into plants that 
bear flowers; 

(c) preventing self pollination of at least one of the first or second inbred com plant; 

(d) allowing cross-pollination to occur between the first and second inbred com 
plants; and 

(e) harvesting seeds on at least one of the first or second inbred com plants, said 
seeds resulting from said cross-pollination. 

24. Hybrid com seed produced by the process of claim 23. 

25. A hybrid com plant produced by growing a seed produced by the process of claim 23. 

27. The com plant of claim 5, further defined as having a genome comprising a single locus 
conversion. 

28. The com plant of claim 27, wherein the single locus was stably inserted into a com 
genome by transformation. 
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29. The corn plant of claim 27, wherein the locus is selected from the group consisting of a 
dominant allele and a recessive allele. 

30. The corn plant of claim 27, wherein the locus confers a trait selected from the group 
consisting of herbicide tolerance; insect resistance; resistance to bacterial, fungal, nematode or 
viral disease; yield enhancement; waxy starch; improved nutritional quality; enhanced yield 
stability; male sterility and restoration of male fertility. 

31. A method of producing an inbred com plant derived from the corn variety 1015036, the 
method comprising the steps of: 

(a) preparing a progeny plant derived from com variety 1015036 by crossing a plant 
of the com variety 1015036 with a second com plant, wherein a sample of the 
seed of the com variety 1015036 was deposited under ATCC Accession No. PTA- 
3225; 

(b) crossing the progeny plant with itself or a second plant to produce a seed of a 
progeny plant of a subsequent generation; 

(c) growing a progeny plant of a subsequent generation from said seed and crossing 

the progeny plant of a subsequent generation with itself or a second plant; and 

(d) repeating steps (b) and (c) for an addition 3-10 generations to produce an inbred 
com plant derived from the com variety 1015036. 
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